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PREFACE. 



Oük last Edition was a translation of the Thirteenth German 
Edition, and inasmuch as the Fourteenth German Edition is 
virtually a reprint of the latter, the changes made on the present 
occasion are almost cntirely confined to the title. 

The Author observes in his last Preface, " that hia whole ex- 
perience went to convince him that the notation which he 
had nsed from the first so greatly facilitatcd the study of the re- 
actions and the general survey of analysis, that he considered 
himself not merely justified in retaining the notation, but bound 
by duty to do so." 

However, I thought it right to lay before Dr. Fresenius a 
remonstrance on the subject, which I had received from Dr. 
Frankland. The following is extracted from the Author's 
reply : — 

" I do not retain the old notation from prejudice, but from a 
most firm conviction that for Inorganic Chemistry it is the 
simplest and the best. This view is not peculiar to myself, but 
is shared with the highest authorities in Gcrmany (Wöhler, 
Bunsen, &c.) ; Prof. Kopp also, one of the first representatives 
of Theoretical Chemistry, has advised me decidedly not to re- 
linqnish my notation. 

" It therefore appears to me best that the English Edition» 
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should conform to those in other languages, and that the nota- 
tion should remain as before, cspecially as every Chemist is 
compelled to widerstand it unless the literaturc of the last 
decades is to be a sealed book to him. 

" I trust you will excuse the delay in answeriug your letter, 
but it was necessary to give this important matter a thorough 
consideration, and to take the opinions of other Chemists. I 
may add that Fr. Mohr has adhered to the old notation in the 
new edition of his Maassanalyse" 

A. V. 

London, January % IS7& 
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PRELIMINARY REMARKS. 

DEFINITION, GENERAL PRINCIPLES, OBJECTS, UTILITY, AND IMPOR- 

TANCE OF QUALITATIVE CHEMICAL ANALYSIS CONDITION8 AND 

REQUIREMENTS FOR A 8UCCESSFUL STUDY OF THAT SCIENCE. 

Chemistry is the science which treats of the various materials entering 
into the structure of the earth, their composition and decomposition, 
their mutual relations and their deportment in general. A special 
branch of this science is designated Analytical Chemistry, inasmuch as it 
pursues a distinct and definite object — viz. the analysis of Compound 
bodies, and the determination of their component elements. Analytical 
chemistry, again, is subdivided into two branches — viz. qualitative 
analysis, which simply studies the nature and properties of the com- 
ponent parte of bodies ; and quantitative analysis, which ascertains the 
quantity of every individual constituent present. The oifice of qualitative 
analysis, therefore, is to exhibit the constituent parts of a substance of 
nnknown composition in forms of known composition, from which the 
Constitution ot the body examined and the presence of its several com- 
ponent elements may be positively inferred. The efliciency of its method 
depends upon two conditions — viz., Ist, it must attain the object in 
view with unerring certaintv, and 2nd, it must attain it in the most 
expeditious manner. The ooject of quantitative analysis, on the other 
hand, is to exhibit the elements revealed by the qualitative investiga- 
tion in forms which will permit the most accurate estimate of their 
weight, or to effect by other means the determination of their quantity. 

These different ends are, of course, attained respectively by very 
different ways and means. The study of qualitative analysis must, 
therefore, be pursued separately from tnat of quantitative analysis, and 
must naturally precede it 

Having thus generally defined the meaning and scope of qualitative 
analysis, we have now still to consider, in the tirst place, the preliminary 
Information required to qualify students for a successful cultivation of 
this branch of science, the rank which it holds in the domoin of 
chemistry, the bodies that fall within the sphere of its Operations, and 
its Utility and importance : and, in the second place, the principal parts 
£/ into which its stttdy is divided. 

It is, above all, absolutely indispensable for a successful pursuit of 

I. B 



2 PRELDIIXAET REMARKS. 

qualitative investigations tbat the Student should possess some know- 
ledge of the ehern ical elements, and of their most iinportant combinations, 
as well as of the principles of chemistry in general ; and that he should 
combine with this knowledge some readiness in the apprehension of 
chemical processes. The practical part of this science demands more- 
over strict order, great cleanness and neatness, and a certain skill in 
manipulatioD. If the Student joins to these qualifications the habit of 
invariably ascribing the failures with which he may happen to meet to 
some error or defect in his Operations, or in other words, to the absence 
of some condition or other indispensable to the success of the experiment 
— and a firm reliance on the immutability of the laws of nature cannot 
fail to create this habit — he possesses every requisite to render his study 
of analytical chemistry successful. 

Xow, although chemical analysis is based on general chemistry, and 
cannot be cultivated without some previous knowledge of tlie latter, yet, 
on the other band, we have to look upon it also as one of the main 
pillars upon which the entire structure of the science rests, since it is 
of almost equal importance for all branches of theoretical as well as of 
practical chemistry ; and I need not expatiate here on the advantages 
which the physician, the pharmaceutist, the mineralogist, the rational 
fariner, the manufacturer, and many others derive from it. 

This consideration would surely in itself be sufficient reason to re- 
commend a thorough and diligent study of this branch of science, even 
if its cultivation lacked those attractions which yet it unquestionably 
possesses for every one who devotes himself zealously and ardently to it. 
The human mind is constantly striving for the attainment of truth ; it 
delights in the Solution of problems; and where do we meet with a 
greater variety of them, more or less difficult of Solution, than in the 
province of chemistry ? But as a problem to which, after long 1 ponder- 
ing, we fail to discover the key, wearies and discourages the mind ; so, 
in like manner, do chemical investigations, if the object in view is not 
attained — if the results do not bear the stamp of truth, of unerring 
certainty. A half-knowledge is therefore, as indeed in every department 
of science, but more especially here, to be considered worse than no 
knowledge at all ; and a mere superficial cultivation of chemical analysis 
is consequently to be particularly guarded against. 

A qualitative investigation may be made with a twofold view — viz., 
either, Ist, to prove that a certain body is or is not contained in a sub- 
stance, euy. 9 lime in spring-water ; or, 2nd, to ascertain all the consti- 
tuents of a chemical Compound or mixture. Any substance may of course 
become the object of a chemical analysis. 

But all elements are not equally important for the purposes of prac- 
tical chemistry, a certain nu ruber of them only being founa more widely 
disseminated in nature, and being more generally employed in pharmacy , 
in the arts and manufactures, and in agriculture, whilst the others are 
met with only as constituents of rarelj- occurring minerals; the elements 
of the former class alone, therefore, and the more important of their 
Compounds, will be considered more fully in the present work, whilst 
those of the latter class will be discussed more briefly and in a manner 
to enable the learner to separate, without difficulty, the study of the 
former from that of the latter. This arrangement will serve to render 
the study of the science more easy to beginners, and to lighten the 
labors of practical chemi&ts. 



§§ 1, 2.] OPERATIONS. 8 

The study of qualitative analysis is most properly divided into four 
principal parts — viz., 

1. Chemical Operations. 

2. Reaoents and their uses. 

3. ReACTIONS, OR DEPORTMENT OP THE VARIOUS BODIES WITH 

REAOENTS. 

4. SYSTEMATIC COURSE OP QUALITATIVE ANALYSIS. 

It will now be readily understood that the pucsuit of chemical 
analysis requires practical skill and ability as well as theoretical know- 
ledge ; and that, consequently, a mere speculative study ofthat science 
can be as little expected to lead to success as purely empirical experi- 
ments. To attain the desired end, theory and practica must be combined. 



SECTION I. 

OPERATIONS. 

§1. 

The Operations of analytical chemistry are essentially the same as 
those of synthetical chemistry, though modified to a certain extent to 
adapt them to the difterent object in view, and to the small quantities 
operated upon in analytical investigations. 

The foliowing are the principal Operations in qualitative analysis. 

§2. 
1. Solution. 

The tenn Solution, in its widest sense, denotes the perfect union of a 
body, no matter whether gaseous, liquid, or solid, with a fluid, resulting 
in a homogeneous liquid. However, where the substance dissolved is 
gaseous, the term absorption is more properly made use of; and the 
Solution of one fluid in another is more generally called a mixturc. The 
application of the term Solution, in its usual and more restricted sense, 
is cocfined to the perfect union of a solid body with a fluid. 

A Solution is the more readily eftected the more minutely the body 
to be dissolved is divided. The fluid by means of which the Solution is 
eflected, is called the solvent We call the Solution chemical, where the 
solvent enters into chemical combination with the substance dissolved ; 
simple, where no definite combination takes place. 

In a simple Solution the dissolved body exists in the free State, and 
retains all its original properties, except those dependent on its form and 
cohesion ; it separates unaltered when the solvent is withdrawn. Com- 
mon salt dissolved in water is a familiär instance of a simple Solution. 
The salt in this case imparts its peculiar taste to the fluid. On evapo- 
rating the water, the salt is left behind in its original form. A simple 
Solution is called saturated if the solvent has received as much as it can 
retain of the dissolved substance. But as fluids dissolve generally larger 
quantities of a substance the higher their temperature, the term satu- 
rated, as applied to simple Solutions, is only relative, and refers invariably 



4 SOLUTION. [§ 2. 

to a certain temperature. It may be laid down as a general rule that 
elevation of temperature facilitates and accelerates simple Solution. 

A chemxcal Solution contains the dissolved substance not in the same 
State nor possessed of the same properties as before ; the dissolved body 
is no longer free, but intimately combined with the solvent, which latter 
also has lost its original properties ; a new substance has thus been pro- 
duced, and the Solution manifests therefore now the properties of this 
new substance. A chemical Solution also may be accelerated by eleva- 
tion of temperature ; and this is indeed usually the case, since heat 
generally promotes the action of bodies upon each other. But the 
quantity of the dissolved body remains always the same in proportion 
to a given quantity of the solvent, whatever may be the difference of 
temperature — the combining proportions of substances being invariably 
and altogether independent of the gradations of temperature. 

The reason of this is, that in a chemical Solution the solvent and the 
body upon which it acts have invariably opposite properties, which they 
strive mutually to neutralize. Further Solution ceases as soon as this 
tendency of mutual neutralization is satistied. The Solution is in this 
case also said to be saturated or, more properly, neutralized, and the 
point which denotes it to be so is termed the point of Saturation or 
neutralization. 

The substances which produce chemical Solutions are, in most cases, 
eithcr acid or alkalies. With few exceptions, they have first to be 
converted to the fluid State by means of a simple solvent. When the 
opposite properties of acid and base are mutually neutralized, and the 
new Compound is formed, the actual transition to the fluid State will 
ensue only if the new Compound possesses the property of forming a 
simple Solution with the liquid present; c.g. y if Solution of acetic acid in 
water is brought into contact with oxide of lead, there ensues, first, a 
chemical comuination of the acid with the oxide, and then a simple Solu- 
tion of the new-formed acetate of lead in the water of the menstruum. 

In pharmacy Solutions are often made in a porcelain mortar, by 
triturating the body to be dissolved with the solvent added gradually 
in small quantities at a time; in chemical laboratories Solutions are 
rarely made in this manner, but generally by digesting or heating the 
substance to be dissolved with the fluid in beakers, flasks, test-tubes, or 
dishes. In the preparation of chemical Solutions the best way generally 
is to mix the body to be dissolved in the first place with water (or with 
whatever other indifferent fluid may happen to be used), and then 
gradually add the chemical agent. By this course of proceeding a large 
excess of the latter is avoided, an over-energetic action guarded against, 
the process greatly facilitated, and complete Solution ensured, which is a 
matter of some importance, as it will not seldom happen in chemical 
combinations that the product formed refuses to dissolve if an excess of 
the chemical solvent is present ; in which case the molecules first formed 
of the new salt, being insoluble in the menstruum present, gather round 
and enclose the particles still unacted on, weakening thereby or prevent- 
ing altogether further chemical action upon them. Thus, for instance, 
witherite (carbonate of bary ta) dissolves readily if water is poured upon 
the pulverized mineral and hydrochloric acid gradually added ; but it 
dissolves with difficulty and imperfectly if it is projected into a coneen- 
trated Solution of hydrochloric acid in water ; since chloride of barium 
will indeed dissolve in water, but not in hydrochloric acid. 



§ Sj CEYSTALLIZATION. 5 

Crystallization and precipitation are the reverse of Solution, 
since they have for their object the conversion of a fluid or dissolved 
substance to the solid State. As both generally depend on the same 
cause, vis., on the want of a solvent, it is impossible to assign exact 
limits to either ; in many cases they merge into one another. We must, 
however, consider them separately here, as they differ essentially in 
their extreme forms, and as the special objects which we purpose to 
attain by their application are generally very different. 

§3. 
2. Crystallization. 

We understand by the term crystallization, in a more general sense, 
«very Operation or process whereby bodies are made to pass from the 
fluid to the solid State, and to assume certain fixed, mathematically 
definable, regulär forms. But as these forms, which we call crystals, 
are the more regulär, and consequently the more perfect, the more 
slowly the Operation is carried on, we always connect with the term 
crystallization the accessory idea of a slow Separation — of a gradual 
conversion to the solid State. The formation of crystals depends on the 
regulär arrangement of the ultimate particles of bodies ; it can only 
täte place, therefore, if these particles possess perfect freedom of 
motion, and thus in general only when a substance passes from the 
fluid or gaseous to the solid State. Those instances in which the mere 
ignition, or the softening or moistening of a solid body, sumces to make 
die tendency of the particles to a regulär arrangement (crystallization) 
prevail over the dimmished force of cohesion — such as, for instance, the 
turaing white and opaque of moistened barley-sugar — are to be re* 
garded as exceptional cases. 

To induce crystallization, the causes of the fluid or gaseous form of 
a substance must be removed. These causes are either keat, as in the case 
of fused metals ; or solvent*, as in the case of an aqueous Solution of 
common salt; or both combiticd, as in the case of a hot saturated Solution 
of nitrate of potassa in water. In the first case, we accordingly obtain 
crystals by cooling j in the second by evaporating ; and in tue third 
by either of these means. The most frequently occurrin^ case is that 
of crystallization by cooling hot saturated Solutions. The hquors which 
remain after the Separation of crystals are called mother-liquors. The term 
amarpkoMs is applied to such solid bodies as have no crystalline form. 

We have recourse to crystallization mostly either to obtain the 
crystallized substance in a solid form, or to separate it from other sub- 
stance« dissolved in the same menstruum. In many cases also the 
form of the crystals or their deportment in the air, viz., whether they 
remain unaltered or efflore&ce or deliquesce upon exposure to the air, 
will afford an excellent means of distinguishing between bodies other-» 
wise resembling each other; for instance, between sulphate of soda 
and sulphate of potassa. The process of crystallization is usually 
efiected in evaporating dishes, or, for very small quantities, in watch- 
gUmea. 

In cases where the quantity of fluid to be operated unon is only 
small, the sarest way of getting well-formed crystals is to let the fluid 
etaporate in the air, or, better still, under a beU-glass, under which is 
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also placed an open vessel half-filled with concentrated sulphuric »cid. 
Minute crystals are examined best with a lens, or under the micro- 
scope. 

§4. 
3. Precipitatiok. 

This Operation difFers from the preceding in this, that the dissolved 
body is converted to the solid State, not slowly and gradually, but 
suddenly, po matter whether the substance separating is crystalline or 
amorphous, whether it sinks to the bottom of the vessel or ascends, or 
rem ains suspended in the liquid. Precipitation is either cansed by a 
modification of the solvent — thus sulphate of lime separates immediately 
from its Solution in water upon the addition of nicohol ; or it ensues in 
consequence of the Separation of an ednct insoluble in the menstruimi 
— thus metallic copper precipitates if a Solution of chloride of copper is 
brought into contact with zinc, as this separates the copper from the 
chlorine, and the eliminated metal is insoluble in the water. Precipita- 
tion, lastly, takes place also where, by the action of simple or double 
chemical affinity, new Compounds are fbrmed which are insoluble in the 
menstruum ; thus Oxalate of lime precipitates upon addition of oxalie 
acid to a Solution of acetate of lime ; Chromate of lead if Chromate of 
potassa in Solution is mixed with Solution of nitrate of lead. In de- 
compositions of this kind, induced by simple or double affinity, one of 
the new Compounds remains generally in Solution, and the same is 
sometimes the case also with the educt; thus in the instances just 
mentioned, the chloride of zinc, the acetic acid, and the nitrate of 
potassa remain in Solution. It may, however, happen also that both 
the product and the educt, or two products, precipitate, and that 
nothing remains in Solution ; this is the case, for instance, when a 
Solution of sulphate of magnesia is mixed with baryta water, or when a 
Solution of sulphate of silver is precipitated with chloride of barium. 

Precipitation is resorted to for the same purposes as crystallization, 
viz., either to obtain a substance in the solid form, or to separate it 
from other substances dissolved in the same menstruum. But m quali- 
tative analysis, we have recourse to this Operation more particularly for 
the pnrpose of detecting and distinguishing substances by the color, 
properties, and general depurtment which they exhibit when precipi- 
tated either in an isolated State, or in combination with other substances. 
The solid body separated by this process is called the precipitate, and 
the substance which acts as the immediate cause of the Separation is 
termed the preeipitant. Various terms are applied to precipitates by 
way of particularizing them according to their difterent nature ; thus 
we distinguish crystalline, pulverulent, tiocculent, curdy, gelatinous 
precipitates, &c. Precipitates which appear pulverulent to the naked 
eye, will often be seen when examined under the microscope to consist 
entirely of regulär crystals ; and such precipitates may frequently be 
distinguished from each other in this way. 

The terms turbid and turbidity, or cloudy and cloudiness, are made use 
of to designate the State of a fluid which contains a precipitate so finely 
divided and so inconsiderable in amount, that the suspended particles, 
aOTough impairing the transparency of the fluid, yet cannot be clearly 
distinguishecL The Separation of flocculent precipitates may generullj 
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be promoted by vigorously ahaking tlie vessel ; that of cryatalline preci- 
pitates, by stirring the fluid and rubbing the inaide of the yessel witb a 
glass rod; lastly, elevation of temperature is also an effective means of 

Sromoting tbe Separation of most precipitates. The process is con- 
ucted, acccording to circumstances, either in test-tubes, flaska, beakers, 
or dishes. 

The two Operations described in ^ 5 and 6, viz. Filtration and 

deca_\'tatio\, serve to effect the mechanical Separation of tiuids froru 
matter suspended therein. 

5 5- 

4. Filtration. 

This Operation consists aimply in paasing tbe fluid from wbich we 
wish to remove the solid particles mechanically auspended therein 
througb, a filtering apparatus, formed usually by a properly folded piece 
of nnsized paper placed in a funnel. An apparatus of this description 
allows the fluid to trickle througb with easc, whilst it completely re- 
tflius the solid particles. We employ amooth Altera and plaited filters ; 
tbe former in cases wbere tbe aeparated aolid aubstnnce ia to be made 
ose of, tbe iatter in cases where it is simply intended to clear the Solu- 
tion. Smooth Alters are prepared by double-folding a circular piece of 
poper, witb. the folda at rigbt anglos ; tbey must in every part fit close 
tu the funnel. Tbe preparation of plaited Alters is more properly a 
matter for ocular demonstration than for deacription. In cases where 
the contenta of the Alter re- 
quire was hing, the paper must 
not project over tbe rim of 
the funnel. It is in most 
cases ad visable to moisten the 
Alter previously to paasing 
the fluid througb it ; since 
this not only tenda to accele- 
rate the proceaa, but also to 
prevent the solid particles 
being carried tbrough the 
pores of the Alter. The paper 
aelected for Alters must be as 
freeas posaible from inorganic 
aubstances, especially such as 
are dissolred by aeids, as 
sesquioxide of iron and lime. 
The common filtering paper 
of commerce seldom comes 
np to our requirements in 
this respect, and I would I 
therefore always recommend 
to wuah it witb aeid and water 
wbenever it is intended for 
lue in actxtrate nmalyies. For 
(bis purpose the apparatus 
■faown in the Agure will be found convenient a ia a bottle witb tbe 
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bottom out, a and b are riass plates, between them He the filtere 
which have been previously cut and folded, d is a glass tube fitted 
into the oork c y e is a piece of flexible tube, wbicb is closed by a 
pioco of glass rod or a clip. The bottle is filled with a mixture 
uf ono part hydrocbloric acid sp. gr. 1*12 and two parts water, in 
which tue Alters are allowed to soak twelve hours, the acid being 
tuen run off and replaced by ordinary water. After an hour this is 
replaced by fresh water. and so on tili the washings are barely acid. 
The washing is continuea with distilled water tili the washings are free 
frora hydrocbloric acid — that is, tili they cease to give any turbiditv when 
mixod with a few drops of Solution of nitrate of silver. Finally, the 
Alters are drained, turned out onto blotting paper, covered witn the 
same, and dried in a sieve in a warm place. When we merely want to 
wash two or three Alters, we place them in a funnel, as in filtering, one 
inside the other, moisten them with dilute hydrochloric or nitric acid, 
and after some time wash them well with distilled water. Filtering 
tMt^er, to be considered good, must, besides being pure, also let 
fluid* pass readily through, yet completely retain even the finest 

pulverulent precipitates, such as sul- 
phate of baryta, Oxalate of lime, <fcc. 
\Vhere a paper satisfying these require- 
ments cannot be readily procured it is 
advisable to keep two sorts, one of closer 
texture, for the Separation of very finelj 
divided precipitates, and one of greater 
porosity for the speedy Separation of 
grosser particles, 

The funneb must be of glass or porce- 
lain (§ 18, 10) ; they are usually placed 
on an appropriate stand, to keep them in 
a fixed position. The stand shown in 
fijr„ ^ is particularly well adapted for the 
r*Avptaui of the smalUsiaed rannels used 
in o^ualitativ^ analyses* 

The meckod of rapid Altrarion by 
WKNMuit of an «xfc***ti»£ apparatus will N? vk^rrilwd in the ^mmtiutire 
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S 7. 

6. Washing. 

In cases where filtration or decantation are resorted to for the pur- 
pose of obtaining the solid substanee, the latter has to be freed after- 
wards by repeated washing from the liquid still adhering to it. The 
washing of precipitates collected on a filter is 
usually effected by means of the washing-bottle 

(% 3). 

The drawing needs no elaborate explanation. 
The outer end of the tube a is drawn out to a 
fine point By blowing air into the flask through 
the other tube, a fine jet of water is expelled 
through a, with a certain degree of force, which 
is particularly well suited for washing precipi- 
tates. Washmg-bottles of this construction aflbrd 
also the advantage that they do equally well for 
washing with bot water. For this purpose they 
are either furnished with a handle, or sorae cork 
is bound round the neck. The best way of wash- 
ing by decantation is, after the supernatant fluid 
has been poured off, to stir up the precipitate 
with water or whatever fluid may be used for 
the washing, to allow to settle, to pour off again, and so on. 

As the success of an analytical Operation often depends absolutely 
upon the proper washing of a precipitate, it may as well be mentioned 
at once tnat the Operation ought never to be considered complete 
before the object of it has been really attained. And this is usually 
the case only when the precipitate has been absolutely freed from the 
fluid adhering to it. The Operator should, in this respect, never trust 
to mere belief or guessing, but should always make quite sure by 
properly testing the last washings. With nxed bodies it generally 
sumces to slowly evaporate a drop of the last washings on platinum- 
foil, when complete volatilization will show that the end in view has 
been fully attained. 
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§ 8. 

7. DiALYSIS. 

Dialysis is an Operation which is occasionally employed for the 
Separation of certain bodies from each other when they are in 
Solution together ; at first sight it appears to have some resemblance 
to filtration, but in reality it differs essen tially from filtration. This 

3»eration has been recently introduced to the scientific world by 
rah am (Phil. Mag. Fourth Series, Nos. 153 — 155), and depends upon 
the düferent behavior of bodies dissolved in water towards moist mem- 
branes. A certain class of bodies, the crystalloids, have the power of 
penetrating suitable membranes with which their Solution may be 
placed in contact ; whilst another class, the colloids, do not possess that 
property. Hence the two clasnes may be separated by taking advan- 
tage of this action. To the crystalloids belong all crystallizable bodies ; 
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to the colloids all non-cry stall izable bodies, as gelatine, mm, dextrin, 
caramel, tannin, albumen, extractive mutters, hydrated silicic acid, &c. 
The septum must conaist of a colloid material, as for instance an 
animal membrane, or, better still, parchment paper, and it must 
un the other aide be in eontact with water. Graham explains 
the action on the assumption that the crystalloids appropriate to them- 
aelves the water absorbed by the colloid septum, acquiring thereby a 
medium for diffusion, whilst tbe dissolved colloids are unable to 
separate the water from the septum, and fail therefore to penetrate tbe 
latter. Figs. 4 and 5 exhibit suitable forma of apparatus for this opera- 




Fig . 4. Fig. G. 

tion. In flg. 4 the dialyser consists of the top of a bottle closed below 
with parchment paper ; in fig. 6 it consists of a hoop covered like a 
sieve with parchment paper. The hoop may be of wood, or better of 
irutta-percha. The disc of parchment paper used should measure thrae or 
luur inches in diameter more than the space to be covered ; it is 
moistened, stretched over andfaatenedby a string or by an elastic band, 
but it should uot be secured too tirmly. The parchment paper must 
not be porous ; its soundness may be tcsted by spongiug tbe upper side 
with water, and observing whether wet spots show on the other side. 
Defccts may be remedied by applying liquid albumen and coagulating 
tbis by heat. When tbe dialyser has thus been got ready, the mass to 
be examined is poured into it If the mass is qinte fluid the apparatus 
fig. 4 may be used, butif itcontains undistolvod solid matter, the hoop 
is to be preferred. The depth of fluid in the dialyser should not be more 
than half an inch, and tue membrane should dip a little way below 
the surface of the water in the outer vessel, which should amount to at 
least fbur times the quantity of the fluid to be dialysed. The dinlyser 
in tig. 4 is suspended in the manner indicatcd — the hoop is simply tioated 
on tbe water. After twenty-four hours half or three-fourths of the 
crystalloids will be fonnd in the externa! water, while the colloids re- 
main in the dialyser — at most only traces pass into the extern«! fluid. 
If the dialyser is brought successively in eontact with fresh supplies of 
water, the whole of the crystalloids may be finally separated from the 
colloids. This Operation is often of conaiderable service in chemico-legal 
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investigations for the extraction of poisonous crystalloids from parts of a 
dead body, food, vomit, <fcc. 

There are four Operations which serve to separate volatile substances 
from less volatile or from fixed bodies, viz., evaporation, distillation, 
ignition, and Sublimation. The two form er of these Operations refer ex- 
clußively to fluids, the two latter exclusively to solids. 

§9. 
8. Evaporation. 

This is one of the most common Operations in analytical chemistry. 
It serves to separate volatile fluids from less volatile or from fixed bodies 
(no matter whether solid or fluid), in cases where the residuary substance 
alone is of importance, whilst the evaporating matter is entirely disre- 
garded ; — thus, for instance, we have recourse to evaporation for the 
purpose of removing from a saline Solution part of the water, in order 
to bring about crystallization of the salt ; we resort to this process also 
for the purpose of removing the whole of the water from the Solution of 
a non-crystallizable substance, so as to obtain the latter in a solid form, 
&c. The evaporated water is entirely disregarded in either of these 
cases, the only object in view being to obtain, in the former case a 
more concentrated fluid, and in the latter a dry substance. These 
objects are invariably attained by Converting the fluid which is to be 
removed to the gaseous State. This is generally done by the applica- 
tion of heat; sometimes also by leaving the fluid for a certain time in 
contact with the atmosphere, or with an enclosed volume of air con- 
stantly kept dry by hygroscopic substances, such as concentrated 
sulphuric acid, culoride of calcium, &c. ; or, lastly, in many cases, by 
placing the fluid in rarefied air, with simultaneous application of hygro- 
scopic substances. As it is of the utmost importance in qualitative 
analyses to guard against the least contamination, and as an evaporating 
fluid is the more liable to this the longer the Operation lasts, the process 
is usually conducted with proper expedition, in poreelain or platinum 
dishes, over the Harne of a spirit or gas-lamp, in a separate place free 
from dust, preferably in a cupboard provided with a draught If 
the Operator has no place of tue kind, he must have recourse to the 
much less suitable proceeding of covering the dish; the best way of 
doing this is to place over the dish a large glass funnel secured by a 
retort-holder, in a manner to leave sufficient space between the rim of 
the funnel and the border of the dish; the funnel is placed slightly 
aslant, that the drops running down its sides may be received in a 
beaker. Or the dish may also be covered with a sheet of filter-paper 

Ireviously fireed from inorganic substances by washing with dilute 
ydrochloric or nitric acid (see § 5); were common and unwashed filter- 
paper used for the purpose, the sesquioxide of iron, lime, <&c, contained 
m it would dissolve in the vapors evolved (more especially if acid), and 
the Solution dripping down into the evaporating fluid would speedily 
contaminate it These precautioos are necessary of course only in 
accurate analyses. Large quantities of fluid are evaporated best in 
flasks standing aslant, covered with a capof pure filtennc ^«^«t,o\«t^ 
ebarcoa] ßre or gas; or also in rubulated retotta vjVüi u^V t^ygl^ 
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Fig. 6. 



obliquely upward, and opon tubulure. Evaporating processes at 100° 
are conducted in a sui table steam apparatus, or in the water-bath shown 
in flg. 6. Evaporation to dryness is not usuallj conducted over the 

naked flame, but generally either on the water- 
bath, or the sand-bath, or on an iron plate. 

There is a circumstance connected with the 
ßubject which sbould be noted here ; namely, 
that porcelain and glass vessels — which we can 
hardly avoid using for the evaporation of large 
quantitdes of fluids — are slightly attacked, and 
so their contents become more or less contami- 
nated with their constituents. This will be more fully discussed in the 
Quantitative Analysis, but it becomes a source of great trouble in delicate 
work. I will now be content to advise the Student never to evaporate 
alkoline fluids in glass, as at a boiling temperature they attack it 
considerably. 

§ 10. 

0. DiSTILLATlON. 

This Operation serves to separate a volatile liquid from a less Yolatile 
or a non-volatile substance (no matter whether solid or fluid) where the 
object is to recover the evaporating fluid. In order to attain this end, 
it is necessary to reconvert the liquid from the gaseous form in which it 
evaporates into the fluid State. A distilling apparatus consists conse- 
quently always of three parts, no matter whether separable or not. 
These three parts are — Ist, a vessel in which the liquid to be distilled 




Fig. 7. 

is heated, and thus converted into vapor ; 2nd, an apparatus in which 
this vapor is cooled again or Condensed, and thus reconverted to the 
fluid State ; and 3rd, a vessel to receive the fluid thus reproduced by 
the condensation of the vapor (the distillate). For the dlstillation of 
large quantities metallic apparatus are used (copper stills with head and 
condenser of tin), or large glass retorts; in analytical in vestigations we 
either use emall retorts with receivers, or more usuaily an a^^axatua such 
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88 is shown in fig. 7. The fluid to be distilled is boiled in a, and the 
vapor escapes through the tube which is fitted into the cork. The tube 
is surrounded with a wider tube which is filled with cold water. In 
proportion as the water cools the inner tube, it becomes heated itself, 
ana consequentlj requires renewing continually or occasionallj, which 
is done by pouring cold water in through d, after placing a vessel 
under g to catch the hot water which will run out. A small flask serves 
as a receiver. 

§ 11. 

10. IöNITION. 

Ignition is, in a certain manner, for solid bodies what evaporation is 
with regard to fluids ; since it serves (at least generally) to separate 
volatile substances from less volatile or from fixed bodies in cases where 
the residuary substance alone is of importance. Theprocess of ignition 
always presupposes the application of a high temperature, in which 
respect it differs from drying. The form or State which the eliminated 
substance assumes on cooling — whether it remains gaseous, as in the 
ignition of carbonate of Urne ; or assumes the liquid State, as in the 
ignition of hvdrate of lime ; or solidifies, as in the ignition of a mixture 
containing cnloride of ammonium — is a matter of perfect indifference as 
regards the name given to the Operation. 

The process of ignition is mostly employed, as has just been said, to 
effect the elimination of a volatile body. In some instances, however, 
substances are ignited simply for the purpose of modifying their State, 
without any volatilization taking place; thus the sesquioxide of chromium 
is converted by ignition into the so-called insoluble modification, &c. 
In analytical investigations substances under examination are often 
ignited also, that the Operator may from their deportment at a red heat 
draw a conclusion as to their nature in general, their fixity, their 
fusibility, the presence or absence of organic matter, &c. 

Crucibles are the vessels generally made use of in ignition. In 
Operations on a large scale Hessian or black-lead crucibles are used, 
heated by charcoal or gas ; in analytical experiments small -sized cruci- 
bles or dishes are selected, of porcelain, platinum, silver, or iron, or 
glass tubes sealed at one end, according to the nature of the substances 
to be ignited ; these crucibles, dishes, or tubes are heated over a Ber- 
zelius spirit-lamp, or a gas-lamp, or a bellows blowpipe. 

§ 12. 
11. Sublimation. 

The term Sublimation designates the process which serves to convert 
solid bodies into vapor by the application of heat, and subsequently to 
recondense the vapor to the solid state by refrigeration ; — the substance 
volatilized and recondensed is called a Sublimate. Sublimation is conse- 
quently a distillation of solid bodies. We have recourse to this process 
mostly to effect the Separation of substances possessed of different 
degrees of volatility. Its application is of the liighest importance in 
analysis for the detection of certain substances, e.g. of arsenic. The 
vessels used in Sublimation are of various s\iapea > accoi^ü^ \ft Xta& 
afferent degrees of volatility of the substances opetaVAd. \x^oü. \r. 
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sublimations for analvtical purposes we generally employ sealed glass 
tubes. When the Sublimation is performed with the aid of a current of 
hydrogen or carbonic acid we use open glass tubes, which are usually 
made narrower just behind the part to which the heat is applied. 

§ 13. 
12. Fusion. 

Simple fusion is the conversion of a solid substance into the fluid 
form by the application of heat ; it is most frequently resorted to for 
the purpose of effecting the combination or the decomposition of bodies. 
The term is also applied in cases where substances insoluble or difficult 
of Solution in water and acids are by fusion in conjunction with some 
other body modified or decomposed in such a manner that they or the 
new-formed Compounds will subsenuently dissolve in water or acids. 
Fusion is conducted either in porcelain, silver, or platinum crucibles, 
according to the nature of the Compound. The crucible is supported on 
a triangle of moderately stout platinum wire, resting on, or attached to, 
the iron ring of the Berzelius spirit-lamp or the gas-lamp. Triangles 
of thick iron wire, especially when laid upon the stouter brass ring of 
the lamp, carry off too much heat to allow of the production of very 
high temperatures. Small quantities of matter are also often fused in 
glass tubes sealed at one end. 

Resort to fusing is especially required for the analysis of the sul- 
phates of the alkaline earths, and also for that of many Silicates and 
alumina Compounds. The flux most commonly used is carbonate of 
soda or carbonate of potassa, or, better still, a mixture of both in equal 
atomic proportions (see § ?6). In certain cases hydrate of baryta is 
used instead of the alkaline carbonates. 

For the fusion of aluminates, bisulphate of potassa or bisulphate of 
soda is frequently used. 

A platinum crucible is used for the fusion, whether alkaline car- 
bonates, hydrate of baryta, or alkaline bisulphates are employed. 

I have to add here a few precautionary rules for the prevention of 
dainage to the platinum vessels used in these Operations. No substance 
evolving chlorine ought to be treated in platinum vessels ; no nitrates 
of the alkalies, hydrate of potassa and soda, metals, or sulphides of 
metals or cyanides of the alkali metals should be fused in such vessels ; 
nor should rcadily deoxidizable metallic oxides, or salts of the heavy 
metals with organic acids be ignited in them, or phosphates in presence 
of organic Compounds. It is also detrimental to platinum crucibles, 
and especially to their Covers, to expose them direct to an intense char- 
coal fire, as the action of the ash is likely to lead to the formation of 
silicide of platinum, which renders the vessel brittle. It is always 
advisable to support platinum crucibles used in ignition or fusion on 
triangles of platinum wire. When a platinum crucible has been made 
white bot over the bellows blowpipe, it is unwise to cool it too quickly 
by suddenly turning off the gas, and allowing the cold blast to play upon 
it, since the crucible is under these circumstances very liable to become 
slightly cracked. Platinum crucibles are cleaned by rubbing with wet 
sea-sand, the round grains of which do not Scratch the metal. Where 
tbLs fäils to remove the stains the desired object may be attained by 
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fusing bisulphate of potassa or borax in the crucible, boiling subse- 
quently with water, and polishing finally with sea-sand. 

We bave still to speak here of another Operation whicb bears some 
affinity to fusion, viz. — 

* 14. 

13. Deflagration. 

We understand by the term dcflagration, in a more general sense, 
every process of decoinposition attended with noise or detonation — the 
cause of the decomposition being a matter of perfect indifference as 
regards the application of the term in this sense. We use the same 
term, however, in a more restricted sense, to desi^nate the oxidation of 
a substance in the dry way, at the expense of the oxygen of another 
substance mixed with it (usually a ni träte or a chlorate), and connect 
with it the idea of a sudden and violent combustion attended with vivid 
incandescence and noise or detonation. 

Deflagration is resorted to either to produce the desired oxide — thus 
sulphide of arsenic is deflagrated with nitrate of potassa to obtain ar Se- 
nate of potassa ; or it is applied as a means to prove the presence or 
absence of a certain substance — thus salts are testcd for nitric or chloric 
acid by fusing them with Cyanide of potassium, and observing whether 
they deflagrate, &c. To attain the former object the perfectly dry 
mixture of the substance and the detfagrating agent is projected in small 
portions at a time into a red-hot crucible. Experiments of the iatter 
description are invariably made with minute quantities preferably on a 
piece of thin platinum foil, or in a small spoon. 



§ lö. 
14. The Use of the Blowpipe. 

This Operation belongs exclusively to the province of analytical 
chemistry, and is of paramount importance in many 
analytical processes. We have to examine here the 
apparatus required, the mode of its application, and 
tne results ot the Operation. 

The blowpipe fig. 8 is a small instrument, usually 
made of brass or German silver. It was originally 
used for soldering, whence it derived the name of 
soldering pipe (Lothrohr), by which the Germatis de- 
signate it. It consists of three distinct parts ; viz., 
Ist, a tube a b, fitted, for greater convenience, with 
a hörn or ivory mouthpiece, through which air is 
blown from the mouth ; 2nd, a small cylindrical 
vessel e d, into which a b is screwed air-tight, and 
which serves as an air-chamber and to retain the 
moisture of the air blown into the tube ; and 3rd, a 
smaller tube f g, also fitted into c d. This small 
tube, which forms a right angle with the larger one, 
is fitted at its aperture either siniply with a finely 
perforated platinum plate, or more conveniently 
with a finely perforated platinum cap (A). The 
construction of the cap is shown in flg. 9. It is, TSV*. ^. 
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indeed, a little dearer than a simple plate, but it is also jmuch more 
durable. If tbe opening of the cap gets stopped up, the obstrnction may 
generally be removed by heating it to redness betöre tbe blowpipe. 

The proper length of the blowpipe depends upon the distasce to 
which tbe Operator can see with distinctness ; it is usually from twenty 
to twenty-five Centime tres. Tbe form of the mouthpiece varies. Some 

chemists like it of a shape to be encircled by the lips ; 
otbers prefer the form of a trumpet mouthpiece, which 
is only pressed against the lips. The latter requires less 
exertion on the part of the Operator, and is accordingly 

feneraliy chosen by those who have a great deal of 
lowpipe work. 
The blowpipe serves to conduct a continuous fine cur- 
rent of air into a gas-flame, or into the flame of a candle 
or lamp, or sometimes into a spirit-of-wine flame. The 
flame of a candle (and equally so that of gas or of an oil 
lamp), burning under ordinary circumstances, is seen 
to consist of tnree distinct parts, as shown in l\g. 10, 
viz., Ist, a dark nucleus in the centre (a) ; 2nd, a 
luminous cone surrounding this nucleus (efg) ; and, 3rd, 
afeeblyluminous mantle encircling the whole flame (bcd). 
Fig. 10. The dark nucleus is formed by the gases which the heat 
evolves from the wax or fat, and which cannotburn here 
for want of oxygen. In the luminous cone these gases come in contact 
with a certain amount of air insuflicient for their complete combustion. 
In this part, therefore, it is principnlly the hydrogen of the carbides of 
hydrogen evolved which burns, whilst the carbon separates in a State of 
intense ignition, which imparts to the flame the luminous appearance 
observed in this part. In the outer coat the access of air is no longer 
limited, and all the matter not yet burned is consumed here. This 
part of the flame is the hottest, and the extreme apex is the hottest 
point of it. Oxidizable bodies oxidize therefore with the greatest pos- 
sibie rapidity when piaced in it, since all the conditions of oxidation are 
here united, viz., high temperature and an unlimited supply of oxygen. 
This outer part of the flame is therefore called the oxidizing flame. On 
the other band, oxides having a tendency to yield up their oxygen 
suflfer reduction when piaced within the luminous part of the flame, the 
oxygen being withdrawn from them by tbe carbon and the still uncon- 
sumed carbide of hydrogen there present. The luminous part of the 
flame is therefore called the reduciny flame. 

£Jow the effect of blowing a flne stream of air across a flame is, 
first, to alter the shape of the flame, as, from tending upward, it is now 
driven sideways in the direction of the blast, being at the same time 
lengthened and narrowed ; and, in the second place, to extend the 
sphere of combustion from the outer to the inner part. As the latter 
circumstance causes an extraordinary increase of tue heat of the flame, 
and the former a concentration ofthat heat within narrower limits, itis 
easy to understand the exceedingly energetic action of the blowpipe 
flame. The way of holding the blowpipe and the nature of the blast 
will depend upon whether the Operator wants areducingor an oxidizin"* 
flame. The easiest way of producing most eificient Harnes of both kinds 
is by means. of coal-gas delivered from a jet, sbaped as in flg. 11, the 
slit being 1 centimetre long and 1 J to 2 millimetres mde \ as with the 
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x\se of gas the Operator is enabled to regulate not only the current of 
air, but that of the gas also. The task of keeping the blowpipe steadily 
in the proper position may be greatly facilitated by firmly resting that 
instrument upon some moveable metallic support, such as, for instance, 
the ring of Bunsen's gas-lamp intended for supporting dishes, &c. 

Fig. 11 shows the flame for reducing, fig. 12 the flame for oxi- 
dizing. The luminous parts are shaded. 




Fig. 11. 

The reducing flame is produced by keeping the jet of the blowpipe 
just on the border of a tolerably strong gas flame, and driving a 
moderate blast across it. The resultinff mixture of the air with the 
gas is only imperfect, and there remains Detween the inner bluish part 
of the flame and the outer barely visible part a luminous and reducing 
zone, of which the hottest point lies somewhat beyond the apex of the 
inner cone. To produce the oxidizing flame, the gas is lowered, the jet 





Fig. 12. 

of the blowpipe pushed a little further into the flame, and the strength 
of the current somewhat increased. This serves to effect an intimate 
mixture of the air and gas, and an inner pointed, bluish cone, slightly 
luminous towards the apex is formed, and surrounded by a thin, pointed, 
light- bluish, barely visible mantle. The hottest part of the flame is at 
the apex of the inner cone. Difficultly fusible bodies are exposed to 
this part to effect their fusion ; but bodies to be oxidizedatfe Y&vitA\tt\& 
beyond the apex, that there may be no wunt of air t'or Üievt co\bl^\x&\aöu. 
/. o 
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An oil-lamp with broad wick of proper thickness may be used instead 
of gras ; a thick wax-candle also will do. For an oxidizing flame & 
small spirit lamp will in most cases answer the purpose. 

The current is produced with the cheek muscles alone, and not with 
the lungs. The way of doing this may be easily acquired by practising 
for some time to breathe quietly with distended cheeks and with the 
blowpipe between the lips ; witii practice and patience the Student will 
soon be able to produce an even and uninterrupted current. 

The mpparts on which substances are exposed to the blowpipe flame 
are generally either wood charcoal, or platinum wire or foil. 

Charcoal supports are used principally in the reduction of metallic 
oxides, <fcc, or in trying the fusibility of bodies. The substances to be 
operated upon are put into small conical cavities, scooped out with a 
penknifb or with a little tin tube. Metals that are volatile at the heat 
of the reducing tiaine evaporate wholly or in part upon the reduction 
of their oxides ; in passing through the outer flame the metallic fumes 
are re-oxidized, and the oxide formed is deposited around the portion 
of matter upon the support. Such deposits are called incrustations. 
Many of these exhibit characteristic colors, leading to the detection of 
the metals. Thoroughly-burnt pieces of charcoal only should be 
selected, otherwise they are apt to spirt and throw off the substance. 
The charcoal of the wood of the pine, linden, or willow, is greatly pre- 
ferabie to that of h arder woods, and woods which are richer in ash. 
Smooth pieces ought to be selected, as knotty pieces are apt to spirt 
when heated and throw off the substance. The most convenient 
way is to saw the charcoal of well-seasoned and straight-split pinewood 
into parallelo-pipedic pieces, and to blow or brush off the dust ; they 
may then be handled without soiling the hands. Those sides alone are 
used on which the annual rings are visible on the edge, as on the other 
sides the fused matters are apt to spread over the surface of the charcoal 
(Berzelius). Small charcoal supports are sometimes sold, which have 
been made from powdered charcoal, mixed with rice or starch paste, 
and stampod into convenient shapes — they are very handy and clean. 

The properties which make charcoal so valuable as a material for 
supports in blowpipe experiments are — Ist, its infusibility ; 2nd, its 
]ow conducting power for heat, which permits substances being heated 
more stron<rly upon a charcoal than upon any other support ; 3rd, its 
porosity, which makes it imbibe readily fusible substances, such as 
borax, carbonate of soda, &c, whiist infusible bodies remain on the 
surface ; 4th, its reducing power, which greatly contributes to the 
reduction of oxides in the inner blowpipe flame. 

We use platinum ivire, and occusionally also platinum foil, in all 
oxidizing processes before the blowpipe, and also when fusing substances 
with tiuxes, with a view to try their solubility in them and to watch the 
phenomena attending the Solution, and mark the color of the bcad ; 
lastly, also to introduce substances into the flame, to see whether they 
will color it. The wire is cut into lengths of 8 centimetres, and each 

c o 

Fig. 13. 

length twisted at both ends into a small loop (fig. 13). When required 
for use, the loop in moistened with a drop ot water, tken dipped into 
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the powdered flux (where a flux is used), and the portion adhering 
fused in the Harne of a gas- or spirit -lamp. When the bead produced, 
which sticks to the loop, is coid, it is moistened again, and a small 
portion of the substance to be examined put on and made to adhere to 
it by the action of a gentle heat The loop is theri finaliy exposed, 
according to circumstances. to the inner or to the outer blowpipe flame. 
What renders the application of the blowpipe particularly useful in 
chemical experiments is the great expedition with wbich the inten ded 
results are attained. These results are of a twofold kind, viz., either 
they afford us simply an insight into the general properties of the body, 
and enable us accordingly only to determine whether it is fixed, volatife, 
fusible, *fcc. ; or the phenomena which we observe enable us at once to 
recognise the particular body which we have before us. We shall have 
occasion to describe these phenomena when treating of the deportment 
of the different substances with reagents. 

As in the use of the blowpipe one hand is always necessarily en- 
gaged, and the production of a continued blast requires practice and 
some elight exertion, and as, lastly, it is not very easy to maintain the 
blowpipe flame always steadfastly, so that the substances exposed to it 
are undeviatingly kept in the desired parts of the flame, many chemists 
have long been endeavouring to devise some self-acting blowpipe ap- 

Ctus, and many contrivances of the kind have been proposed and 
\ found favour. In some of thera the air-current is produced by 
means of a gasometer, in others by means of a caoutchouc balloon, in 
others again by a species of hydrostatic- blast, &c. But the simplest 
self-acting blowpipe apparatus, oy which most of the objects attainable 
with the blowpipe may be most suitably and conveniently accomplished, 
is the Bunsen gas-lamp, provided with a chimney, which burns without 
lnminosity and without soot. A description of this lamp follows in the 
next paragraph. 

§ 16. 
15. The Use of Lamps, particularly of Gas-lamps. 

As we have to deal mostly with smaller quantities of matter only, 
we use in processes of qualitative analysis requiring the application of 
heat, such as evaporation, distillation, ignition, &c, generally lamns, 
either spirit-lamps or, where coal-gas is obtainable, most advantageously, 
gas-lamps. 

Of spirit-lamps there are two kinds in use, viz., the simple spirit- 
lamp, as shown in flg. 16, and the Berzelius lamp with double draught 
(fig. 14). In the construction of the latter lamp it should be borne in 
mind that the part containing the wick and the vessel with the spirit 
most be in separate pieces, connected only by means of a narrow tube; 
otherwise troublesome explosions are apt to occur in lighting the lamp. 
Nor should the chimney be too narrow, or the stopper fit air-tight on 
the mouth through which the spirit is poured in. A lamp should be 
selected that may be readily moved up and down the pillar of the stand. 
which must be ntted with a moveable brass ring to support dishes and 
flasks in processes of ebullition, and a ring of moaerately stowt \toü mx^ 
to support the triangle for holding the crucibles in thfc ^to^«&^% ol 
ifpntion andfusion. Ofthe various forms of lamps in n&e, t\)A on^ diONrn 

c2 
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in % 14 is the most suitable and elegant. Fig. 15 ehows a triangle of 
platinum wire fixed within an iron wire ring ; this serves tt» aupport the 

trucible in processes of ignition. Glasa vessels, more particularly 





Fig. H. 



Fig. 13. 



beakers, which it is intended to keat over the lamp, are moat conve- 
niently rested on a piece of gauze mEtde of fine iron wire such ae is 
used ia making aievea of medium fineDesa. 

Of the many gas-lampa proposed, Bunsen's, as shown in its simpleat 
form in figs. 1? and 18, is the most convenient. a h is a foot of cast 
iron measuring 7 cm. in diameter. In the centre of thie is fixed a Square 
brass box, c d, which slightly tapers towards the top ; the sides of this 
box are 35 mm. high, and 1(5 mm. wide; it has a eylindrieal cavity of 
lt! mm. deep, and 10 mm. in diameter. Each side of the box has, 4 
mm. from the upper riin, a circular aperture of 8 mm. diameter, leading 
to the inner cavity. One of the sides has fitted into it, 1 mm. below 
the circular aperture, a braes tube, which aervea for the attachment of 
the India-rubber supply tube. This brass tube is turned in the shape 
shown in dg. 17; it has & bore of 4 mm. The gas conveyed into it 
re-issues from a tube in the centre of the cavity of the box. This tube, 
which is 4 mm. thick at the top, thicker at the lower end, projects 3 
mm. above the rim of the box ; the gas issues from a narrow opening 
which appeara forined of 3 radii of acircle, inclined to each other at an 
angle of 120°. The length of each radius is 1 mm.; the opening of 
the slit is £ mm. wide ; efiea brass tube 95 mm. long, open at both 
ends with a bore of fl mm. ; the screw at the lower end of this tube 
fite into the upper part of the cavity of the box. With this tube screwed 
in, the lamp is complcted. On opening the stop-cock, tbe gas rushes 
into the tube e f, where it miies with the air Coming in through the 
circular aperturea. When this mixture is kindled at f, it burna with a 
atraight, upright, bluish Harne, entirely free from soot, which may be 
regulated et will bj opening the stop-cock more or less ; a partial open- 
ing of the cock bu&cob to give a flamc füll] ana-wermg raa ^x^aaa of 
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the common spirit-lamp ; whilst with the füll stream of gas turncd on, 
the Herne, wfaich will now rise up to 2 decimetres ia height, affords a most 
excellent Substitut« for the Berzelius lamp. If the flame is made to 
burn very low, it will often occur that it recedes ; in other words, that 
instead of the miiture of gas and air burning at the mouth of the tabe 
tj, the gas takes fire on issuing from the snt, and bums below in the 
tobe. This defect may be perfectly obviated by covering the tube ef 
at the top with a little wire gauze cap. Flasks, &c, which it is intended 




Fig. 17. 



Fi*. 18. 



to heat over the gas-Iamp, are most conveniently supported on a gauze- 

plate. We give this name to a Square piece of tliin iron plate to which a 

pieeeof wire ganze of equal size is riveted, asshowninfig. 19. Wecan 

also use simple wire gauze, but this rapidly bums 

through in the middle, and does not öfter the 

same protection against tbe cracking of beakers 

or tiasks. If it is wished to use the gas-lamp 

for blowpipe Operations, the tube g A must be 

inserted into e f; this tube terminates in a flat- 

tened top slauting at an angle of 68° to tbe 

axis, and having an opening in it 1 cm. long, 

and 1£ to 2 mm. wide. The insertionof^Ainto 

efseiveB to close up the air-holes in the box, and 

pure gas, burning with a luminous flame, issues 

acoordiingly now from the top of the tube. Fig. 

18 ahows the apparatus complete, fixed in the fork c 




F«. 10. 
c an iron stand , 



this axnmgeaient permite the iainp being moved batkw&rA «lÜttT-asti 
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between the prongs of thc fork, and ap and doi 
The moveable ring on the tarne pillar serves to 



the pillar of the stand, 
tupport the objects to 
be operated npon. The 6 radii 'round the tube of the lamp serve to 
support an iron-plate chimney (see Gg. 23), or a porcelain plate nsed in 
quantitative analyses. 

To heat crucibles to the brightest red heat, 

^^^^^ or to a white heat, the beUomt Notv/ripe is re- 

sorted to. But even withont this the actio» 

of the gas-lamp may be considerably height- 

ened by heating the crucihle within a 



clay furnnce, as recommended by O. L. Erd- 
ma.vn. Fig. 20 shows the simple contrivance 



by which tbis is effected. The furnaces are 
115 mm. high, and measure 70 mm. diameter 
in the clear. The thickness of material ie 
8 mm. If the ordinary Bungen burner ie not 
sufficiently stron<r Cur any purpose, the three- 
Buusen burner (fig. 31) may be used. 
Fig. 20. Bussen has devised a more perfect form 

of this lamp* to render the flame a more 
plete Bubstitute for the blowpipe flame, namely, for reducing, 




Fig. 22. 



oxidizing, Aising, and volatilising, and for the Observation of the 
coloration of flame ($ 17). This improved form of the lamp is 
* Anna), d. Chem, ii. PL»rm., 111, 267 und 138, 2G7. Alio ZeiUchr. f. ual. 
Cham., t, 361. 
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shown in fig. 22, a is a sheath, which can be turned round for rcgu- 
lating the flow of air. When in use the conical chimney dddd (fig. 23) 
is placed on ee y it is of such dimensions that the flame may burn 
tranquilly. Fig. 23 shows the flame half its natural size. In this 
three parts are at once apparent, namely, 1. aaaa the dark cone, which 
contains the cold gas mixed with about 62 per cent of air, 2. a c a b 
the mantle formed by the burning mixture of gas and air, 3. a b a the 
luminous tip of the dark cone, which does not appear unless the air- 
holes are somewhat closed. The latter is useful for reductions. 

Such are the three principal parts of the flame, but Bunsen distin- 
guishes no less than six parts, which he names as follows : 

1. The base at a, which has a relatively low temperature, because 
the burning gas is here cooled by the constant current of fresh air, and 
also because the lamp itself conducts the heat away. This part of the 
flame serves for discovering the colors produced by readily volatile 
bodies when less volatile bodies which coior the flame are also present. 
At the relatively low temperature of this part of the flame the former 
volatilize alone instantaneously, and the resulting color imparted to the 
flame is for a moment visible unmixed with other colors. 

2. Tfte fusing zone. This lies at ß, at a distance from the bottom of 
somewhat more than one-third of the height of the flame, equidistant 
from the outside and the inside of the mantle, which is broadest at this 
part. This is the hottest part of the flame, namely, about 2300°, and it 
therefore serves for testing substances as to their fusibility, volatility, 
emission of light, and for all processes of fusion at a high temperature. 

3. The lower oxidizing zone lies in the outer border of the fusing zone 
at y, and is especially suitable for the oxidation of oxides dissolved in 
vitreous fluxes. 

4. The upper oxidizing flame at c consists of the non-luminous tip of 
the flame. Its actio n is strongest when the air-holes of the lamp are 
fully open. It is used for the roasting away of volatile products of 
oxidation, and generally for all processes of oxidation where the very 
highest temperature is not required. 

5. The loroer redueing zone lies at b in the inner border of the fusing 
zone next to the dark cone. The redueing gases are here mixed with 
oxygen, and therefore do not possess their füll power, hence they are 
without action on many substances which are deoxidized in the upper 
redueing flame. This part of the flame is especially suited for reduetion 
on charcoal or in vitreous fluxes. 

6. The upper redueing flame lies at rj in the luminous tip of the dark 
inner cone, which, as 1 have already explained, may be produced by 
diminishing the supply of air. This part of the flame must not be 
allowed to get large enough to blacken a test-tube filled with water 
and held in it. It contains no free oxygen, is rieh in separated incan- 
descent carbon. and therefore has a much stronger action than the lower 
redueing zone. It is used more particularly for the reduetion of metals 
collected in the form of incrustations. 

With the help of a gas flame of this description we can obtain as 
hi$rh a temperature as with the blowpipe, and even higher if the 
raaiating surface of the substance is maae as small as possible ; and by 
the use of the different parts of the flame, processes of reduetion and of 
oxidation may be carried out with the greatest convenience. 

In order to study the deportment of bodies at a high temperature , tAXü&3 ^ 
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their emission of light, fusibility, volatility and power of coloring 
flame, they are introduced into the flame in the loop of a platinum 
wire, which should be barely thicker than a horse hair. Should the 
substance attack platinum, a little bündle of asbestos is used, which 
should be about one-fourth the thickness of a match. Decrepitating 
substances are first very finely powdered, then placed on a strip of 
moistened filter-papcr about a Square centimetre in surface, and this is 
cautiously burnt between two rings of fine platinum wire. The sub- 
stance now presents the appearance of a coherent crust, and may be 

held in the flame without difficulty. For 
testing fluids to see whether they contain 
a substance which colors flame, the 
round loop of the fine platinum wire is 
flattened on an anvil to the form of a 
small ring. This is dipped into the fluid, 
and then withdrawn, when a drop will be 
found attached to the ring. This drop 
is held near the flame and allowed to 
evaporate without boiling, alter which 
the residue may be conveniently tested. 

If bodies are to be exposed for a con- 
siderable time to the action of 
the flame, the stand, fig. 24, is 
used. A and B are provided 
with Springs, and can be easily 
moved up and down. On A is 
the arm a intended for the Sup- 
port of the platinum wire fixed 
in a glass tube (fig. 25) ; also 
another little arrangement to 
hold the glass tube b with its 
bündle of asbestos fibres d. B 
bears a clip for the reception 
of a test tube, which in certain 
cases has to be heated for a 
considerable time in a definite 
part of the flame. C serves to **& 25 - 
hold the various platinum wires fixed in 
glass tubes. 

Experiments of reduetion are performed 
either with the aid of a sui table reducing 
agent in a small glass tube, or with the 
aid of a little stick of charcoal. In order 
to prepare the latter, Bunsen recom- 
mends to hold an uneffloresced crystal 
of carbonate of soda near the flame, and then having taken off 
the head of a match to smear three-fourths of its length with the 
wet mass produced by warming the crystal. The match is then slowly 
rotated on its axis in the flame, when a crust of solid carbonate 
of soda will form on the carbonized wood, and on heating in the 
fusing zone of the flame, this crust will be melted and absorbed by the 
charcoal. The little stick of charcoal will now in a measure be pro- 
tected from eoznbustion. The substance to be tested is made into a 
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past«, with a drop of melted crystallized carboaate of soda, and a msss 
aboutthe size ofa millet-seed istaken up on the point of the carbonized 
match, it is then firet melted in the lowcr oxidizing flame, and after- 
wards muved through a portion of the dark cone into the opposite 
hottest part of the lower reducing zone. The reduction will be rendered 
evident by the effervescence of the carbonate of soda. After a few 
moments the actio n is stopped by allowing the substance to cool in the 
dark cone of the flame. If, finally, the point of the carbonized match 
is cut off and triturated wiih a few drops of water in a small agate 
naortar, the rednced metal will be obtained in the form of sparkling 
fragments which may be purified by elutriation, and if necessary more 
minutely examined. 

Volatile elements which are reducible by hydrogen and carbon may 
be separated as such or as oxides from their combinations and depo- 
aited on porcelain. These deposits are called incrustations, they are 
thicker in the middle, and become thin towards the edges. They may 
be converted into Jodides, sulphides, and other combinations, and may 
thus be further identified. These reactions are so delicate tbat in many 
cases a quantitv of from T ' to 1 mgrm. is snffitrient to exhibit theni. 

The. metallic incrustation is obtained by holding in one band a small 
portion of the substance on asbestos in tbe Upper reducing flame, and 
in the other handaglazed porcelain dish, from 1 to 12 decimetres 
in diameter, filled with water, close over the asbestos in the upper re- 
dncing flame. The metals separate as sooty or mirror-like incru Station s. 

If the substance is held as just directed, and the porcelain dish is 



beld in the upper oxidizing flame then an incrustation of oxide ii 
In order to be sure of getti 
small if the portion of su 



In order to be sure of getting it, the flame must be comparatively 




miu ute. To turn the incrustarion of 
oxide into an incmtation of iodidc, let 
the dish covered with the oxide cool, 
breatbe on it, and place it on the wide- 
mouth bottle, fig. 26. This bottle 
contains iodide of phosphorus, which 
baa been allowed to deliquesce and be- 
come converted into fuming hydriodic 
seid and phosphorous aeid, it should ha ve p ig 2 fl. 

an air-tight glass stopper. If the hydri- 
odic aeid nas become so moist that it lias ceased to fume it may be restored 
to its proper condition by the addition of anhydrous phospboric aeid. 
To turn the incrustation of iodide into au incrustation of sulphide, direct a 
current of air containing sulphide of ammonium upon it, hreathing 
npon the dish occasionally, tnen drive off the excess of sulphide of 
ammonium by gcntU wanning. 

If more considerable quantities of the metallic incrustation are re- 
qnired for further experiments, the porcelain dish is replaced by a test- 
tube half filled with water (D, fig. 24), in whieb a few pieces of marble 
should be placed to prevent bumping when the water is Bubsequently 
boiled. In this case tbe asbestos (d) with the substance on it is fixedat 
the same height as the middle of the upper reducing flame, the test-tube 
ia fixed with its bottom jnst over the asbestos as shown in the figure, 
and then the lamp is moved just under the test-tube. Tb« «ataansa 
tbos come« within the reducing tlame and the metattic in«Mtt». , iia& S»tsä 
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<m rbe bottom of the te*T-tube. The inrrustation may be obtained as 
duck as i* wi^Led bv renewal of the substance. 

16. Observation of the Coloratiox op Flame and 

SPECTRriC AXALTSIS. 

Many suhstances bare the property of coloring a colorless flame in 
a very remarkable manner. As most of these substances impart a 
different and distinct. and accordinsrly characteristic, tint to the flame, 
the Observation of this colorization of flame affords an excellent, easy, 
and safe means of detecting many of these bodies. Thus, for instance, 
salts of soda impart to flame a yellow, salts of potassa a violet, salts of 
litbia a cannine tint, and may thus be easily distinguished from each 
other. 

The flame of Buxsex's gas-lamp, with chimney» described in § 16, 

and shown in fisr. 22, is more par- 
ticularly suited for observations of 
the kind. The substances to be 
examined are put on the small 
loop of a fine platinum wire, and 
thus, by means of the holder 
shown in fig. 34, or the more 
simple one, hg. 27, placed in the 
fasing zone of the gas-flame. A 
particularly striking coloration is 
imparted to the flame by the salts 
of the alkalies and alkaline earths." 
If different salts of one and the 
same base are compared in this 
way, it is found that every one of 
them, if at all volatile at high tem- 
peratures, or permitting at least 
the volatilization of the base, im- 
parts the same color to the flame, 
only with different degrees of in- 
tensity, the most volatile of the 
salts producing also the most in- 
tense coloration; thus, for in- 
stance, chloride of potassium gives 
a more intense coloration than 
carbonate of potassa, and this 
latter again a more intense one 
than Silicate of potassa. In the 
case of diificultly volatile Com- 
pounds, the coloration of the flame 
in ii v ofton bo brought nbout, or made more apparent, by adding some 
tillior ImmIv whirh hau tho power of decomposing the Compound under 
PMmiiiiiition. Tlnw, for instance, in Silicates containing only a few per- 
roiilü of |mtMMW, tho lattor bodv cannot be directly detected by colora- 
Mnii uf tlumc 5 Imt t\m dotectioii may be accomplished by adding a little 
purn HVpnuiii» wn thi* will cause formation of Silicate of lime and sul- 
J'liHtv u) jHttHMtH, m miit whioh is gaffictartl} volatile. 
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But however decisive a test the mere coloration of flame aflbrds for 
the deteclion of certain metallic Compounds, when present unmixed 
with othera, this test becomes apparently quite useless in the case of 
miliares of Compounds of several metal s. Thus, for instance, mixtures 
of «alte of potassa and soda show only the soda flame, mixtures of salts 
of baryta and strontia only the baryta flame, &e. This defect may be 
remedied, however, in two ways, with the most surprising success. 
Both ways have only recently been discovered. 

'Vkejirst may introduced by Cartuell,* and perfected afterwards 
by BuNSENf and by Merz, i consists in looking at the colored flame, 
through some colored medium (colored glasses, indigo Solution, &c). 
Such colored media, in effacitig the flame coloration of the one metal, 
bring out that of the oiher metal mixed with it. For instance, if a 
mixture of a sah of potassa and a salt of soda is exposed to the flame, 
the latter will only show the yellow soda coloration ; but if the flame 
be now looked at through a deep-blue cobalt glass, or through Solution 
of indigo, the yellow soda coloration will disappear, and will be replaced 
by the violet potassa tint. A simple apparatus sutnces for all Observa- 
tion and experiments of the kind ; all that is required for the purpose 

1. A hollow prism (flg. 38) composed of mirror plates, the chief 
section of which forma a triangle with two sides of luO mm., and one 




Fig. 28. 
«de of 35 mm. length. The indigo Solution required to All this prism 
is prepared by dissolving 1 part of indigo in 8 parts of fuining snlphuric 
■cid, adding to the Solution 1600-2000 parts of water, and flttering, 
When using this apparatus, the prism ismoved in a horizontal directum 
close before the eyes, in such a way that the rays of the flame are made to 
penetmt« successively thicker and thicker layers of the effacing medium. 

2. A blue, a violet, a red, and a green glass. The blue glass is 
tinted with protoxide of cobalt; the violet, glass with sesquioxide of 
manganese; tbe red glass (partly colored, partly uncolored) with sub- 
oxide of copper; and the green glass with sesquioxide of iron and 
protoxide ot copper. The common colored glass will generali}' be found 
to answer the purpose. Ag regards the tints imparted to tbe flame by 
the different hodies, when viewed through the aforcsaid media, and the 
eombinations by which these bodies are severally identifled, tbe in- 
formation required will be found in Section III., in the paragraphs 
treating of the several bases and acids. 

The Mcond rcay, which is called Spe.ctrum Analyst!, was introduced by 
Kirchhoff and Bunden. It consists in letting the rays of the colored 
flame pass flrst through a nnrrow slit, then through a prism, and ob- 
«erving the so refracted rays through a telescope. A distinct spectrum 
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is thus obtained for eveiy flame-eoloring metal ; this spectrum consists 
either, ss in the case of baryta, of a number of colored lines lying aide 
by side ; or, as in the case of lithia, of two separat«, differently-colored 
lines ; or, ss in the case of thallium, of a Single green line. These 
spectra are charactcristic in a double sense — yiz., the spectrum lines 
have a distinct color, and they occupy also a fiied position. 

It is this lstter circumsrance which enables ns to identify without 
difficulty, in the spectrum Observation of miitures of flame-coloring 
metals, cvery individual metal. Thus, for instance, a flame in which a 
miiture of potassa, soda, and lithia salts is evaporated, will give, side 
by side, the spectra of the several metals in the most perfect purity. 

Kirchhoff and Bunskn have constmcted two kinds of apparatns, 
which are both of them suitcd for spectrum Observation, and eDable the 
Operator to determine by measure the positions in which the spectrum 
lines make their appearance. Both are constructed upon the sarae 
principle. A descnption, with illustration, of the larger of the two, 
which is also the most perfect one, has been publisbed in Pogoen- 
DORFF'b Annalen, 113, o74, and in the Zntsckriflßir Analytisch* Chemie, 
18Ö2, 49. The smaller, more simple, and accordingly cheaper apparatus, 
which suffices for all common purposes, and is used most in chemical 
laboratories, we will describe here. It is shown in fig. 29 a. 




Fig. 29 u. 

X is an iron disk, in the centre of which a prism, with circular re- 
fracting faces of about 25 mm. diameter, is fastened by a how, wbicb 
presses upon the upper face of the prism, and is secured below to the 
iron plate by a screw. The same disk has also firmly iastened to it the 
three tubes, B, C, and D. Each of these tubes is soldered to a metal 
block, of which fig. 2ti b gives an enlargcd representation. This block 
contains the nuts ior two screws, which pass through wider openings in 
the iron plate, and are firmly secured benenth when the tube has been 
adjusted in the proper position. B ia the Observation telescope ; it hat 
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& magTiifjiop power of about ö, 

The tube C is closed at ooe end bv a 



n objeet-glass of 20 mm. diameter, 

... a tin-foil disk, into whicb tbe per- 

pendicular slit is cut through whicn tbe light is admitted." The tube 
D carries a Photographie copy of a millimetre-scale, produced in the 
camera obscura oa a glass platc of about oue-fifteeuth the original 
dimensions. This scale is covered with tin-foil, with the exception of 
the nurrow strip upon which the divisional lines and the numbers are 
engraved. It is lighted by a gas or candle-flame placed close behind it. 

The axeg of the tubes B and D are directed, at the same inclination, 
to the centre of one face of the prism, whilst the axis of the tube C is 
directed to the centre of the other face. This arrangement makes tbe 
spectra produced by the refraction of the colored light passing through 
C, and the iraage of the scale in D produced by total reflection appear 
in one and the same spot, so that the positions oecupied by the spectrum 
lines may be read off ou the scale. The prism is placed in about that 
position in which there is a minimum divergence of the rays of the 
Bodium line ; and tbe telescope ia set in that directum in which the red 
and the violet potassium lines are about equidistant from the middie of 
the field of view. 

The colorless flame into which the flame-coloring bodies are to be in- 
troduced, is placed 10 cm. from 
the slit. BuXBBH'slantp, shown 
in fig. 22, gives the best flame. 
The lampis adjusted so asto place 
the upper border of tbe chimney 
about 20 mm. below the lower 
end of tbe slit. When this lamp 
Las been lighted, and a bead of 
sabstance — say of sulphate of 
potassa — introduced into the 
fnsing zone by means of the 
holder shown in fig. 27, the 
iron disk of the spectrum appa- 
ratus, which, with all it carries, 
is moveable round its vertical 
axis, is turned until the poiut is 
reached where the luminosity of 
the spectrum is the most intense. 

To cut off foreign light in 
all spectrum observations, the 
centre part of tbe apparatus is 
covered with a black cloth or 
card-board box. 

Rexroth's spectroscope, 
fig. 30, may be saiely recom- 
mended as useful and ecouo- 
mical.f It is very ditferent in 
its arrangement from the appa- 
ratus just described. bb is a cylinder fixed onto the heavy disk a, 
and closely covered by e. d e is a telescope, and i t a bent tube, 

* Tbia wr»ngeraeut is aot icry Btrong. For laborntories * mura solid material 
nefa u brMB woold bs mneb better tiisn tin-foil. 

f Zmtwchriff f. anal. Choro., 3, 4i3. 
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which are fastened to e ; i / is so drawn that its internal construction 
mav be plainly exhibited, / is a moveable slit, k is a reflecting prism, 
and m is a lens. The ravs coming through the slit' are made parallel 
by m % and then retleeted from the mirror g onto the flint-glass prism /, 
by which they are refracted up the teleseope. By means of the screw h 
it is possible to move g round a horizontal axis, and thus to bring 1 the 
difterent points of the spectrum one after the other into the middle of 
the Seid of view. Opposite that side off from which the rays leave the 
prism. is a side tube, <\ containing the photographed scale and n being 
a lens by which the rays coming- from o are made parallel ; the rays 
are thus renVeted from the upper face of the prism into the teleseope, 
and become visible simultnneously with the spectrum. The scale is 
iixed. and being ligrhted by a small oil-lamp or a gas-flame, is equally 
risible throughout the wtiole tield of view. The sodium line is set by 
means of A. so that in the case of lines which are remote from each other, 
as for instauce the blue potassiuin lines, we are enabled to read off their 
nositions very conveniently on the scale, by moving the sodium line 
vO divisions towards the lerl. and thus bringing the lines to be measured 
inore into the middle of the tield of view. Under these circumstances 
we shouid have to add CO to the number read off, and on the other hand, 
if the sodium line were nioved SO divisions towards the right, in order 
to bring a red line more into the middle, SO would have to be subtracted 
from the number read orT. 

The spectra produced by the alkalies, the alkaline earths, thallium 
and indium are shown in the picture at the commencement of the book. 
The solar spectrum has been added simply as a guide to the position 
and bearings of the lines. The spectra are represented as they appear 
in the apparatus furnished with an astronomic teleseope. In the tnird 
section, in the chapters treatiug of the several bodies, attention will be 
called to the line» which are uiost characteristic for each metal. Here 
1 will simply State the manner in which the higbest degree of certainty 
is imparteu to spectruin analysis. This is done by exposing the beads 
of the pure and unmixed merallic Compounds to the flame, and marking 
on copied scales the position which the niost striking spectrum lines 
oecupy on the scale ot the apparatus, in the manner shown, by way of 
Illustration, in Hg. S of the picture, with regard tothe Strontium spectrum. 
lt is self-evideut that the spectrum of an unknown substance can only 
pass for the Strontium spectrum, if the characieristic lines not only agree 
with those of the latter in point of color. but appear also in exactly the 
same position where thev are marked on the Strontium scale. 

The drawings of such scales every Operator must, of course, make 
for bis own apparatus ; and they become useless for the intended pur- 
pose if any alteration is made in the position of the prism or the scale. 
It is therefore always advisable to set the apparatus so that it can be 
easily readjusted to its original position, which is most readily done 
by making the left border of the sodium line eoineide with the number 
50 of the scale. 

With the introduetion of spectrum analysis a new era has, in many 
respects, begrün for chemical analysis.» as bv means of this diseovery we 
can detect such minute quantities of bodües as by no other method. 
Spectrum analysis is marked moreover by a certainty above all doubt, 
and gives results in a few seconds, which could formerly be obtained 
aaljr, ifat all, in hoors or dar». 
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Apparat db. 

Ab many students of cbemical analvsis might find some difficulty in 
the selection of the proper apparatus, I append here a Hst of the articles 
whicli are actually required for tlie Performance of simple experimenta 
and investi^ations, tug-etlier wjth instructioua to guide the pupil in 
mrchasing of them. 

. A Berzeuus Spirit Lamp (§ 16, tig. 14). 
. A Glass Spirit Lamp(j IC, tig. 16). Or, instead of these two, 
wbere coal-gas is procurable, a Bunsex's Gas-lamp, best one with 
chimney (9 16, figs. 17, 18, and 23). 

3. A blowpipe (see § 15). 

i. A platinum crucible. Select a crucible wliicb will contain 
about a quarter of an ounce of water, witb a cover shaped like a sballow 
dish ; it innst not be too deep in proportion to its breadth. 

5. Platinum Foil, as amooth and clean as possible, and not yerj 
thin : length about 40 mm. ; width about 25 mm. 

0. Platinum wirb (seepp. 18 and 24). Three stronger wires and 
tbree finer wires are araply suihcient. They arekeptmostconveniently 
in a trlass filled witb water, most of the beads being dissolvcd by that 
fluid when left in contact with it for some time ; the wires inay tnus be 
kopt alwBys clean. 

7. A stand with twklvk TE8T-TÜBES — 16 to 18 cm. is about the 
proper length of the 
tubes, from 1 to 2 cm. the 
proper width. The tubes 
ranst be made of tbin 
white glaes, and so well 
annealed that they do 
not crack even though 
boiling water be poured 
intothem. Tberimmust 
be quite round, and 
slightly turnedover; it 
ought not to bave a lip, 
as this is uselesa and 
simply preventa the tube 
being closely stoppe d 
with the finger, and also 
ahaking the contants, 
The stand shown in 
fig. 31 will be found most suitable. The pegs on the upper shelf serve 
for the clean tubes, which may thus be well drained. 

8. Sevehal beakers anu shall flasks of tbin, well annealed 
gbu». 

9. SRVBHAL PORCELA1N EVAPORATIMO DISIIES, AND A VARIETt 

ov 8HALL PORCELAtN CRUCIBLES. Thosc of the roval manufacture 
of Berlin uro uneiceptio nable, both in shape and daTa,ov\i.t^, Üsmäsä 
and Wjmphenburg poreelain will also answer the putpoae. 




Fig. 31. 
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10. Several qlass funnels of various sizes. They must be 
inclined at an angle of 60°, and merge into the neck of a definite 
angle. 

11. A washinq bottle of a capacity of from 300 to 400 c.c. (see § 7). 

12. Several olass rods and olass tubes. The latter are bent, 
drawn out, <fcc, over a Berzelius lamp or gas-lamp; the former are 
rounded at the ends by fusion. 

13. A selection of watch-olasses. 

14. A small agate mortar. 

15. A pair of small steel or brass pincers, about four or five 
inches long. 

16. A WOODEN FILTER STAND (see § 6). 

17. A tripod of thin iron, to support the dishes, <fec, which it iß 
intended to heat over the small spirit or gas lamp. 

18. The Colored Glasses described in § 17, especially blue and green. 



SECTION IL 

EEAGENTS. 
§ 19. 

A variety of phenomena may manifest themselves upon the decom- 
position or combinatipn of bodies. In some cases liquids change their 
color, in others precipitates are formed ; sometimes etfervescence takes 
place, and sometimes deflagration, &c. Now if these phenomena are 
very striking, and attend only upon the action of two definite bodies 
upon one another, it is obvious ttiat the presence of one of these bodies 
may be detected by means of the other : if we know, for instance, that 
a white precipitate of certain definite properties is formed upon mixing 
baryta with sulphuric acid, it is clear that, if upon adding bary ta to any 
liquid, we obtain a precipitate exhibiting these properties, we may con- 
clude that this liquid contains sulphuric acid. 

Those substances which indicate the presence of others by any 
striking phenomena are called rcayents. 

According to the difFerent objects attained by the application of these 
bodies, we make a distinction between yeneral and special reagents. By 
general reagents we understand those which serve to determine the class 
or group to which a substance belongs ; and by special reagents those 
which serve to detect bodies individually. That the line between the 
two divisions cannot be drawn with any degree of precision, and that 
one and the same substance is often made to serve both as a general and 
a special reagent, cannot well be held a valid objection to this Classifi- 
cation, which is in fact simply intended to induce a habit of employing 
reagents always for a settled purpose— viz., either simply to find out the 
group to which the substance belongs, or to determine the latter in- 
dividually. 

Now whilst the usefulness of general reagents depends principally 
upon their efBciency in strictly characterizing groups of bodies, and often 
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effecting ft complete Separation of the bodies belonging to one group frora 
those belonging to anorher, tbat of special reagents depends upon tbeir 
being characteristic and sensitive. We call a reagent characteristic, if 
the alteretion produced by it, in the event of the body tested for being 
present, is so aistinctly marked as to adrait of no mistake. Thus iron is 
a characteristic reagent for copper, protochloride of tin for mercurv, 
because the phenomena producod by those reagents — viz., the Separation 
of metallic copper and of globules of raercury — adinit of no mistake. 
We call a reagent sensitive or dclicate, if its action is distinctly percep- 
tibje, even though a very minute quantity only of the substance tested 
for be present ; such is, for instance, the action of starch upon iodine. 

Very many reagents are both characteristic and delicate ; thus, for 
instance, terchioride of gold for protoxide of tin ; ferrocyanide of potas- 
sium for sesquioxide of iron and oxide of copper, &c. 

I need hardly mention that, as a general rule, reagents must be che- 
mically pure — i.e., they must consist purely and simply of their essential 
constituents, and must contain no admixture of foreign substances. We 
must therefore make it an invariable rule to test the purity of our re- 
agents before we use them, no matter whether they l>e articles of our 
own production or purchased. AI though the nocessit} r of this is fully 
adinitted on all hands, yet we find that in practice it is too often neg- 
lected ; thus it is by no means uncommon to see alumina entered among 
the substances detected in an analysis, simply because the Solution or 
potassa used as one of the reagents happened to contain that earth ; or 
iron, because the chloride of ammonium used was not free froui that 
metal. The directions given in this section for testing the purity of the 
several reagents refer, of course, only to the prescnce of foreign matter 
resulting from the mode of their preparation, and not to mere accidental 
admixtures. 

One of the most common sources of error in qualitative analysis pro- 
ceeds from missing the proper mcasure — tlie right quantity — in the 
application of reagents. Such terms as " addition in excess, u super- 
saturation," <fec, often induce novices to suppose that they cannot add 
too much of the reagent, and thus some will h'll a test tube with acid, 
simply to supersaturate a tew drops of an alkaline fluid, whereas every 
drop of acid added, after the neutralization point has once been reached, 
is to be looked upon as an excess of acid. On the other band, the addi- 
tion of an insuflicient amount is to be equally avoided, since a reagent 
added in insuflicient quantity often produces phenomena quite different 
from those which will appear if the same reagent be added in excess : 
tu?., a Solution of chloride of mercurv yields a white preeipitate if tested 
with a small quantity of hydrosulpburic acid ; but if treated with the 
same reagent in excess, the preeipitate is black. Experience has, how- 
ever, proved that the most common mistake beginners make, is to add 
the reagents too copiously. One reason why this over-addition must 
iinpair the aecuraey of the results is obvious ; we need simply bear in 
mind that the chan^es effected by reagents are perceptible within cer- 
tain limits only, and that therefore they may be the more readily over- 
looked the nearer we approach these limits by diluting the fluid. 
Another reason is in the fact that a large excess of a reagent will often 
have a solvent or modifying action upon a preeipitate or color, and will 
entirely prevent the exhibition of phenomena which a suitahle quantity 
would without di&cühjr produce. 

i. D 



84 REAGENTS. [§ 19. 

No special and definite rules can be given for avoiding* this source of 
error ; a ßeiieral rule may, however, be laid down, whicb will be found 
to answer tbe purpose, if not in all, at least io tbe great majority of 
cases. It is simply this : let tbe Student always reflect before the addi- 
tion of a rea^ent for wbat purpose be applies it, what are the phenomena 
be intends to produce, and wbat are tbe results of tbe addition of 
excess. 

We divide reajrents into two classes, according to whetber the State 
of Üuidity, whicb is indispensable for tbe manifestation of the action of 
realen ts upon tbe various bodies, is brought about by tbe application of 
heat, or by means of liquid solvents ; we bave consequently, 1, Reagents 
in thv nrt tvay ; and 2, livagents in the dry way. For greater clearness we 
subdivide tbese two principal classes as follows : — 

A. REAGENTS IN THE WET WAY. 

I. Simple Solvents. 

II. Acids and Halogens. 

a. Oxygen acids. 

b. Hydrogen acids and halogens. 

c. Sulphur acids. 

III. IUses and Metals. 

a. Oxyden bases. 

b. Sulphur bases. 

IV. Salts. 

a. Of tbe alknlies. 

b. Of the alkaline earths. 

e. Of the oxides of the heavy metals. 

V. Colorino Matters and indifferent Vegetable Sub- 

8TANCES. 

B. REAGENTS IN THE DRY WAY. 

I. Fluxes. 
IL Blowpipe Reagents. 

A. REAGENTS IN THE WET WAY. 

I. Simple Solvents. 

Simple solvents are fluids whicb do not enter into cbemical combi- 
nation witb the bodies dissolved in them; tbey will accordingly dissolve 
any quantity of matter up to a certain limit, whicb is called the point 
of Saturation, and is in a mcasure dependent upon tbe temperature of 
the solvent. Tbe essential and characteristic properties of the dis- 
solved substances (taste, reaction, color, &c.) are not destroyed by the 
solvent. (See § 2.) 
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§ 20. 
Water (H 0). 

Preparatüm. — Pure water is obtained by distilling spring water 
frorn a copper still with head and condenser made of pure tin, or from 
a glass retort ; which latter apparatus, however, is less suitable for the 
purpose. The distillation is carried to about three-fourths of tbe 
quantity operated upon. If it is desired to have the distilled water 
perfectly free from carbonic acid and carbonate of ammonia, the por- 
tions passing over first must be thrown away. In the larger cheraical 
and in most pharmaceutical laboratories, the distilled water required is 
obtained from the steara apparatus which serves for drying, neating, 
boiling, &c. Rain water collected in the open air may in many cases 
be substituted for distilled water.* 

Tests. — It must be colorless, odorless, and tasteless, and should not 
leave the smallest residue when evaporated in a platinum vessel. It 
should not be changed by sulphide of ammonium (copper, lead, iron), nor 
rendered turbid by baryta water (carbonic acid). No cloudiness should 
be caused even after long Standing by the addition of Oxalate of 
ammonia (lime), of chloride of barium and hydrochloric acid (sulphuric 
acid), of ni träte of silver and nitric acid (cnlorides), or of chloride of 
mercury and carbonate of soda (ammonia). 

Uses. — We use waterf principally as a simple solvent for a great 
variety of substances ; the most convenient way of using it is with the 
washing bottle (see § 7, fig. 3), by which means a stronger or finer 
stream may be obtained. It serves also "to effect the conversion of 
several neutral metallic salts (more particularly terchloride of antimony 
and the salts of bismuth) into soluble acid and insoluble basic Com- 
pounds. 

§ 21. 

2. Alcohol (C 4 H 6 O t ). 

Preparafion. — Two sortsof alcohol are used in chemical analyses : viz., 
Ist, spirit of wine of # 83 or "84 sp.gr. = 91 to 88 per cent. by volurae 
(spiritus rectificatus of the British Pharmacopceia) ; and 2nd, absolute 
alcohol. The latter may be prepared most conveniently by mixing, in 
a distilling vessel, 1 part of fused chloride of calcium with 2 parts 
of rectifiea spirit of wine of about 90 per cent. by volume, digesting tbe 
mixture 2 or 3 days, until the chloride of calcium is dissolved, and then 
distilling slowly and in fractional portions. So long as the distil- 
late shows a specific gravity below 810 ( = 965 per cent. by volume), 
it may pass for absolute alcohol. The portions Coming over after are 
received in a separate vessel. 

Test*.— Pure alcohol must completely volatilize, and ought not to 
leave the least smell of fusel oil when rubbed between tue hands ; 
nor should it alter the color of moist blue or red litmus paper. When 
kindled, it must burn with a faint bluish barely perceptible flame. 

* Au regard« the pr©par%tion of water »bsolutelj free from organic matter, ßee 
Stab, Zeitschrift f. aoaL Chem., 6, 417. 

t In aaaljtkal experiraente we nee oo)y distilled water ; whemwejt, Üiw^awk^ N^kä 
waler ocoonin thepment work, distiDed water ia moant. 

v2 
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Uses. — Alcohol serves, (a) to effect the Separation of bodies soluble 
in this fluid from others which do not dissolve in it, e.g. of chloride of 
Strontium from chloride of barium; (b) to precipitate from aqueous 
Solutions many substances which are insoluble in dilute alcohol, e.g. 
gypsum, rnalate of linie ; (c) to produce various kinds of ether, e.g. acetic 
ether, which is characterized by its peculiar and agreeable smell ; (rf) 
to reduce, mostly with the co-operation of an acia, certain peroxides 
and metallic acids, e.g. binoxide of lead, chromic acid, &c. ; (e) to 
detect certain substances which impart a characteristic tint to its flame, 
especiuliy boracic acid, strontia, potassa, soda, and lithia. 

§ 22. 

3. Ether (C 4 H 4 0). 

4. Chloroform (C s HC1,). 

Ö. Sulphide of Carbon (CS,). 

These solvents find but limited application in the qualitative analysis 
of inorganic bodies. They serve inaeed almost exclusively to detect and 
isolate bromine and iodine. Chloroform and sulphide of carbon are 
preferablo to ether in this respect. The latter is used for the detection 
of chromic acid by means of peroxide of hydrogen. These preparations 
are made much bett^er on a lar<re than on a small scale, and tbe best 
way thercforo is to procure them by purchase. 

Tests. — Ethrr must have a specific gravity of '713 at 20°, and re- 
quiro \) parts of water for Solution. The Solution must not alter the 
color of test papers. Ether must, even at the common temperature, 
rapidly and completely evaporate on a watch-glass. Chloroform must 
be colorless and transparent and have a specific gravity of 1*48. It 
must have no acid reaction, nor impair the transparency of Solution of 
nitrato of silver. Mixed with 2 vols. of water, and sliaken, its volume 
must not appear perceptibly diminished. It must even at the common 
tomi>craturo readily and completely evaporate on a watch-glass. SuU 
phide of carbon should be colorless, readily and completely volatile even 
at the common temperature, and exercise no action upon carbonate of 
lead. 

II. Acids and Halogens. 
§ 23. 

Tho acids — at least those of more strongly pronounced character — 
are soluble in water. The Solutions taste acid and redden litmus paper. 
Acids are divided into oxygen acids, sulphur acids, and hydrogen acids. 

The oxygen acids, produced generally by the combination of a non- 
metullic element with oxygen, combine with water in definite propor- 
tions to hydratod acids. It is with these hydrates that we have usuallj 
to do in analytical processes ; they are contained in tbe aqueous Solutions 
of tho acids, and arecommonly designated by tbe simple name ofthe free 
acid, as tho accession of water does not destroy their acid properties. 
In the action of hydrated acids uj>on oxides of metals, the oxide takes 
the place of the water of hydration, and an oxygen salt is formed 
(HO, 80 t +K0 = K0, SO. + HO). Wbere these salts are the pro- 
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duct of the combination of an acid with a strong base, their reaction 
(supposing the combining acid also to be a stron»* acid) is neutral ; the 
salts formed with weaker bases, for instance, with the oxide of a heavy 
metal, generally show acid reaction, but are nevertheless colled neutral 
salts if the oxygen of the base bears the same proportion to that of the 
acid in which it is found in the distinctlv neutral salts of the same acid, 
or, in other terms, if it corresponds witn the Saturation capacity of the 
acid. Sulphate of potassa (Kü, S 0,) has a neutral reaction, whilstthe 
reaction of sulphate of copper (Cu 0, S 0, + 5 aq.) is acid ; yet the latter 
is nevertheless called neutral sulphate of copper, because the oxygen of 
the oxide of copper in it bears a proportion of 1 : 3 to that of the sul- 
phuric acid, which is the same proportion as the oxygen of the potassa 
bears to that of the sulphuric aciü in the confessedly neutral sulphate 
of potassa. 

The hydrogen acids are formed by the combination of the halogens 
with hydrogen. Most of these possess the characteristic properties o f 
acids in a high degree. They neutralize oxvgen bases, with formation 
of haloid salts and water ; H Cl and NaO = Na Cl and H 0,-3 H Cl 
and Fe, 0, = Fe ? Cl, and 3 H 0. The haloid salts produced by the 
action of powertul hydrogen acids upon strong bases have a neutral 
reaction ; whilst the Solutions of those haloid salts that have been pro- 
duced by the action of powerful hydrogen acids upon weak bases (such 
as alumina and sesquioxide of iron) have an acid reaction. 

The sulphur acids are more frequently the result of the combination of 
metallic than of non-metallic elements with sulphur ; they combine with 
sulphur bases to sulphur salts ; HS + KS = fcs, II 8— As S 6 + 3 Na S 
= 3 Na S, As S f . The sulphur acids being weak acids, the soluble 
sulphur salts have all of them alkaline reaction. 

a. Oxygen Acids. 

§ 24. 

1. Sulphuric Acid (II 0, SO,). 
We use — 

a. Concentratcd sulphuric acid of commerce, 

b. Concentratcd pure sulphuric acid. 

The following inethods may be recommended for preparingchemically 
pure sulphuric acid : 

o. Put 1000 grm. of ordinary concentrated sulphuric acid in a 
porcelain dish, add 3 grm. of sulphate of ammonia, and heat tili 
copious fumes of sulphuric acid begin to escape. This is done in ordcr 
to destroy the oxides of nitrogcn which are generally present in minute 
quantity. After cooling, add 4 or 5 grm. of coarsely powdered biuoxide 
of manganese, and heat to boiling with stirring, in order to convertany 
arsenious acid into arsenic acid. (Blondlot). When cool pour off the 
clear fluid by means of a long funnel tube into a coated retort. The 
retort should not be more than half füll, and is to be heated directly 
over charcoal. To prevent bumping, it is advisable to rest the retort on 
an inverted crucible cover, so that the sides may be more heated than 
the bottom. The neck of the retort must reach so far into the receiver 
that the acid distilling over drops directly into the body. To cool Üvä 
receiver by means of water is unnecessary, and e\eu dsax^to\)&« '^ 
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in each case may require. It will, however, be found that the necessary 
directions on this point are generally given in the present work. 

§25. 
2. Nitric Acid (HO,NO t ). 

Preparation. — a. Heat crude nitric acid of commerce, as free as pos- 
sible from chlorine, and of a specific gravity of at least 131,* in aglass 
retort to boiling, with addition of some nitrate of potassa ; let the dis- 
tillate run into a receiver kept cool, and try from time to time whether 
it still continues to precipitate or cloud Solution of nitrate of silver. 
As soon as this ceases to be the case, change the receiver, and distil until 
a trifling quantity only remains in the retort. Dilute the distillate with 
water until the specific gravity is 1*2. 

b. Dilute crude nitric acid of commerce of about 1*38 specific gravity 
with two-fifths of its weight of water, and add Solution of nitrate of silver 
as long as a precipitate of chloride of silver continues to form ; then 
add a further slight excess of Solution of nitrate of silver, let the precipi- 
tate subside, decant the perfectly clear supematant acid into a retort or 
an alembic with ground head ; add some nitrate of potassa free from 
chlorine, and distil until only a small quantity remains, taking care to 
artend to the proper cooling of the fumes distilling over. Dilute the 
distillate, if necessary, with water, until it has a specific gravity of 1*2. 

Tests. — Pure nitric acid must be colorless and leave no residue upon 
evaporation on platinum foil. Addition of Solution of nitrate of silver 
or of nitrate of baryta must not cause the slightest turbidity in it. It 
is advisable to dilute the acid with water betöre adding these reagents, 
as otherwise nitrates will precipitate. Silver should be tested for by 
hydrochloric acid. 

Usts. — Nitric acid serves as a chcmical solvent for metals, oxides, 
«ulphides, oxygen salts. &c. With metals and sulphides of metals the 
acid first oxidizes the metal present, at the expense of part of its own 
oxygen, and then dissolves the oxide to a nitrate. Most oxides are dis- 
golved bv nitric acid at once as nitrates ; and so are also most of the 
insoluble salts with weaker acids, the latter being expelled in the process 
by the nitric acid. Nitric acid dissolves also salts with soluble non- 
volatile acids, as e.g. phosphate of lime, with which it forms nitrate of 
lime and acid phosphate ot lime. Nitric acid is used also as an oxidizing 
agent : for instance, to con vert protoxide of iron into sesquioxide, prot- 
oxide of tin into binoxide, &c. 

§26. 

3. Acetic Acid (H 0, C 4 H,0, = II 0, A). 

A highly concentrated acetic acid is not required in qualitative 
analytical processes ; the aeidum aceticum of the British Pharmacopoeia, 
which contains 33 per cent. of H 0, C 4 H t 0„ and has a specific gravity 
of 1*044, fully answere the purpose. 

Tests. — Pure acetic acid must leave no residue upon evaporation, and 
— after Saturation with carbonate of soda — emit no empyreumatic odor. 
Hydrosulphuric acid, Solution of nitrate of silver, and Solution of nitrate 

* A weaker acid will not anawer tbt purpotA. 
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of baryta must not color or cloud the dilute acid, nor must sulphide of 
ammouium after neutralization of the acid by ammonia. Solution of 
indigo must not lose its color when heated with the acid. Empyreu- 
matic matter is best detected by neutralizing the acid with carbonate of 
soda, and adding permanganateof potash Solution. If the Solution loses 
its color and afterwards deposits a brown precipitate, erapyreumatic 
matter is present. 

If the acid is not pure, add some acetate of soda and redistil from a 
glass retort not quite to dryness ; if it contains sulphurous acid (in which 
case hydrosulphuric acid will produce a white turbidity in it), digest it 
first with some binoxide of lead or finely-pulverized binoxide of man- 
ganesc, and then distil with acetate of sodi. 

Uses. — Acetic acid possesses a greater solvent power for some sub- 
stances than for other^ ; it is used fherefore to distinguish the former 
from the latter; thus it serves, for instance, to distinguish Oxalate of 
lime from phosphate of lime. Acetic acid is occasionally used also to 
acidulate fluids whcre it is wished to avoid the employment of mineral 
acids. 

§27. 

4. Tartaric Acid (2 II 0, C 8 H 4 O 10 = 2 HO,T). 

The tartaric acid of commerce is sufficiently pure for the purposes of 
chemical analysis. It is kept best in powdor, as its Solution suffers de- 
composition after a time. For use it is dissolved in a little water with 
the aid of heat. 

Uses. — The addition of tartaric acid to Solutions of sesquioxide of 
iron, alumina, and various otlier oxides of metals, prevents the usual 
precipitation of these metals by an alkali; this non-precipitation is 
owin^ to the formation of double tartrates, which are not decomposed 
by alkalies. 

Tartaric acid may therefore be employed to effect the Separation of 
these metals from others the precipitation of which it does not prevent. 
Tartaric acid forms a difficultly soluble salt with potassa, but not so with 
soda ; it is therefore one of our best rengents to distinguish between the 
two alkalies. Bitartrate of soda answers this latter purpose still better 
than the free acid. This reajreut is prepared by dissolving one of two 
equal portions of tartaric ac l n water, neutrafizing the Solution with 
carbonate of soda, then adding the other portion of the acid, and evapo- 
rating the Solution to the crystullization point. For use, 1 part of the 
salt is dissolved in 10 parts of water. 

4-. 

b. Hydrogen Acids and Halogens. 

§28. 

1. Hydrochloric Acid (HCl). 

Preparation. — Pour a coolod mixture of seven parts of concentrated 
sulphuric acid and two parts of water over four parts of chloride of sodium 
in a retort ; expose the retort, with slightly raised neck, to the heat of a 
sand-bath until the evolution of gas ceases ; conduct the evolved gas, by 
means of a bent tube, into a flask containing six parts of water, and take 
eure to keep this vessel constantly cool. To prevent the gas from 
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receding the tube ought only todip aboutone line into the water ofthe 
flask. When tbe Operation is terminated, try the specific gravity of the 
acid produced, and dilute with water until it marks from 1*11 to 1*12. 
If you wish to ensure the absolute purity of the acid, and its perfect 
freedom from every trace of arsenic and chlorine, you must take care 
to free the sulphuric acid intended to be used in the process from arsenic 
and the oxygen Compounds of nitrogen, according to tlie directions of §24. 
A pure acid may also be prepared cheaply from the crude hydrochloric 
acid of commerce by diluting the latter to a specific gravity of 1*12, and 
distdlling- the fluid, with addition of some chloride of sodium. Or you 
may put the acid into the retort in the concentrated form, placing 60 
parts of water into the receiver for every 100 parts of concentrated acid, 
and not luting the receiver to the retort. If the crude acid contains 
chlorine this snould be removed first by cautious addition of Solution of 
sulphurous acid, before proceeding to the distillation ; if, on the other 
hand, it contains sulphurous acid, this is removed in the same way by 
cautious addition of some chlorine water. Hydrochloric acid not unfre- 
quently contains chloride of arsenic, owing to the presence of arsenic in 
the sulphuric acid employed. To free it from this impurity, the acid is 
mixed with twice its volume of water, hydrosulphuric acid is conducted 
into it, the mixture allowed to stand at rest for some time, the clear fluid 
tben decanted from the sulphur and sulphide of arsenic, and heated, to 
expel the sulphuretted hydrogen. 

Tests. — Hydrochloric acid must be perfectly colorless and leave no 
residue upon evaporation. If it turns yellow on evaporation, sesqui- 
chloride of iron is present. It must not impart a blue tint to a Solution 
of iodide of potassium mixed with starch paste (chlorine or sesquichloride 
of iron), nor discolor a fluid made faintly blue with iodide of starch 
(sulphurous acid). Chloride of barium ought not to produce a preci- 
pitate in the highly diluted acid (sulphuric acid). Hydrosulphuric 
acid must leave the diluted acid unaltered (arsenic). After neutraliza- 
tion with ammonia, sulphide of ammonium must produce no change in 
it (iron, thallium). 

Uses. — Hydrochloric acid serves as a solvent for a great many sub- 
stances. It dissolves many metals and sulphides of metals as chlorides, 
with evolution of hydrogen or of hydrosulphuric acid. It dissolves oxides 
and Superoxides in the form of chlorides, in the latter case mostly with 
liberation of chlorine. Salts with insoluble or volatile acids are also 
converted by hydrochloric acid into chlorides with Separation of the 
original acid; thus carbonate oflimeis converted into chloride of calcium, 
witli liberation of carbonic acid. Hydrochloric acid dissolves salts with 
non -volatile and soluble acids apparently without decomposing them 
(e.ff. phosphate of lime); but the fact is that in cases of this Jcind a 
metailic chloride and a soluble acid salt of the acid of the dissolved 
Compound are formed; thus, for instance, in the case of phosphate 
of lime, chloride of calcium and acid phosphate of lime are formed. 
With salts of acids forming no soluble acid Compound with the base 
present hydrochloric acid forms metailic chlorides, the liberated acids 
remaining free in Solution (borate of lime). Hydrochloric acid is also 
applied as a special reagent for the detection and Separation of oxide of 
silver, suboxiae of mercury, and lead, and likewise for the detection of 
free ammonia, with which it produces in the air dense white fumes of 
chloride of ammonium. 
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§ 29. 
2. Chlorine (Cl) and Chlorine Water. 

Preparation. — Mix 18 parts of common salt in lumps with 15 parts of 
finely pulverized good binoxidc of manganese, free frora carbonate of lime ; 
put the mixture in a flask, j>our a completely cöö&yJ mixture of 4ö parts of 
concentrated sulphuric acid and 131 parts of water upon it, and shake the 
flask : a uniform and continuous evolution of chlorine gas will soon 
begin, which, when slackening, may be easily increased again by the 
application of& gcntle heat. This method of Wiooers is excellent, and 
can be highly recommended. Conduct the chlorine gas evolved first 
through a flask containing a little water, then into a bottle filled with 
cold water, and continue the process until the fluid is saturated. Where 
it is desired to obtain chlorine water quite free frorn bromine, the 
washinjr flask is changed after about one-half of the chlorine has been 
expellea, and the gas which now passes over is conducted into a fresh 
bottle filled with water. If the chlorine water is to be quite free from 
hydroehloric acid, the gas must be passed through a U tube containing 
binoxide of manganeso. The chlorine water must be kept in a cellar 
and carcfully protected from the action of iight; since, ifthisprecaution 
is neglected, it speedily suffers complete decomposition, being converted 
into dilute hydroehloric acid, with evolution of oxygen (resulting from 
the docomposition of water). Smaller quantities, intended for use in the 
laboratory, are best kept in a stoppered bottle protected from the 
influence of light by a case of pasteboard. Chlorine water which has 
lost its strong peculiar odor is unfit for use. 

Uscs. — Chlorine has a greater aflinity than iodine and bromine for 
metals and for hydrogen. Chlorine water istherefore an eificient agent 
to eflect the exjmlsion of iodine and bromine from their Compounds. 
Chlorino serves moreover to eflect the Solution of certain metals (gold, 
platinumV to decompose metallic sulphides, to convert sulphurous acid 
into sulphuric acid, protoxide of iron into sesquioxide, &c. ; and also to 
eflect the destruetion of organic substances, as in presence of these it 
withc t raws hydrogen from the water, enabling thus the liberated oxy<rcn 
to combine with the vegetable matters and to eflect their decompositiun. 
For this latter purpose it is most advisable to evolve the chlorine in the 
fluid which contains the organic substances ; this is effected by ad ding 
hydroehloric acid to the fluid, heating the mixture, and then adding 
chlorate of potassa. This gives rise to the formation of chloride of 
potassium, water, free chlorine, and bichlorate of chlorous acid, which 
acts in a similar manner to chlorine. 

§ 30. 

3. Nitro-Hydrochloric Acid. Aqua regia. 

Preparation. — Mix 1 part of pure nitric acid with from 3 to 4 parts 
of pure hydroehloric acid. 

Uscs.— -Nitric acid and hydroehloric acid decompose each other, the 
decomposition mostly resulting, as Gay-Lussac has shown, in the for- 
mation of two Compounds whien are gaseous at the ordinary temperature 
NO, Cl, andN $ Cl, and of free chlorine and water. Thus, H NO* 
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+ 3HCI = NO Cl, + Cl + 4HOandHO,N0 4 + 3HCUNO,CI + 
2 Cl + 4 HO. This decomposition ceases as soon as the fluid is satu- 
rated with the gas; but it recommences the instant this State of Saturation 
is disturbed by the application of heat or by decomposition of the acid. 
The presence of the free chlorine, and also, but in a very subordinate 
degree, that of the acids named, makes aoua regia our most powerful 
solvent for metals (with the exception of those which form insoluble 
Compounds with chlorine). Nitro- hydrochloric acid serves principally 
to effect the Solution of gold and platinum, which metals are insoluble 
both in hydrochloric and in nitric acid ; and also to decompose various 
metallic sulphides, e.g. cinnabar, pyrites, &c. 

§ 31. 
4. Hydroflüosilicic Acid (Si F^ H F). 

Preparation. — Take 1 \ part of powdered glass, or 1 part of powdered 
ignited flint, or 1 part of quartz sand. Whichever is used, it must have 
been washed from every particle of dust, and then ignited. Mix inti- 
mately with one part of perfectly dry fluor spar in powdor ; pour nine 
parts of concentrated sulphuric acid over the mixture in anon-tubulated 
retort, which it is advisable to coat with clay, and mix carefully by 
shaking the vessel. As the mixture swells upwhen getting warm, it 
must at first fill the retort only to one-third. The neck of the retort is 
connected air-tight with a small tubulated receiver, and the tubulus of 
the latter again, by means of indiarubber, with a wide glass tube twice 
bent at a right angle. To the descending limb of the glass tube a funnel 
is at fachet! by means of indiarubbor ; this funnel is lowered into a 
beaker containing four parts of water. Promote the disengagement of 
iluosilicic gas, which commences even in the cold, by moderateiy heating 
the retort over charcoal. Towards the end of the process a pretty strong 
heat should be applied. Every gas bubble produces in the water a pre- 
cipitate of hydrated silicic acid, with simultaneous formution of hydro- 
flüosilicic acid, 3 Si t\ + 2 H = 2 (Si F H F) + Si 0,. The precipi- 
tated hydrate of silicic acid renders the liquid gelatinous, and it is for 
this reason that the aperture of the descending limb of the tube cannot 
be allowed to dip direct into the water, since it would in that case 
speedily be choked. It sometiines happens in the course, and especiolly 
towards the end of the Operation, that complete Channels of silica are 
forraed in the gelatinous liquid, through which the gas gains the surface 
without undergoing decomposition if the liquid is not occasionally 
stirred. When the evolution of gas has completely ceased, throw the 
gelatinous paste upon a linen cloth, squeeze the fluid through, and Alter 
it afterwards. Keep the flltrate for use. 

Tests. — Hydroflüosilicic acid must produce no precipitate in Solutions 
of salt« of strontia (sulphate of strontia). 

Uses. — Bases decompose with hydroflüosilicic acid, forming water 
and metallic silicofluoriaes. Many of these are insoluble, whilst others 
are soluble ; the latter may therefore by means of this reagent be dis- 
tinguished from the former. In the course of analysis hydroflüosilicic 
acid is applied simply for the detection and Separation of baryta. 
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pometimes be omitted, see below), and the short tube f, which must 
hare a bore of 1 cm. at Uast; the latter is connected with the tube d of 
the saoie size by means of indiarubber. The tube e extends almost to 
the bottom of a, and is connected on the other aide with the bottle x 
Iit melius of the indiarubber tube f. m is closed with a cork or india- 
rubber stopper, containing a sninll tube open at both ends. The stopper 
in the tubuläre a of the Üask u contains a plasa tube, which is in con- 




Fig. 33. 

oexion with a leaden pipe. The latter conducts the gas, and is supplied 
with the brass cocks A, b, i i. 

To eet the apparatus going-, open h, and fill h with a mixture of 1 
Tolurae common hydrochloric aeiii and 2 volumcs water. The fluid will 
pass into a, fill the bottle, and rise tlirough d and e into the flask b. 
As soon as the neck of the latter is ncarly füll, close the cock h, and 
take care tbat H is not more than half füll. If now b is opened, and 
also t, the acid rises np to the sulphide, the evolution of gas commesces 
and proceeds with great re|jularity, since the wide tubes o and d allow 
the constant descent of the Solution of protochloride of iron and ascent 
offreah acid. If the arid doea not rise in B as high&Bvs ViäWl.,-^»*» 
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one or two blocks of wood linder m . The current of gas may be en- 
tirely regulated bv raising or lowering M, as Bruonatelli recom- 
mends, but the cocks will be found necessary in large laboratories where 
tbe gas lins to be passed into several different fluids at the same time. 
If the apparatus is not required for some time, M should be placed 
lower ; the fluid will thus sink in B, and ceasing to Im; in contact with 
the sulphide uf iron, the evolution of gas will cease. In this case, if the 
evolution of gas in b is not rapid enough to fill the Space vncated by 
the fluid, air will enter through the tiibe I. If the tube s is present at 
all, it should be sufficiently long to prevent the eiit of fluid when there 
U u pressure of gas. After the acid has flowed from b the still moist 
sulphide of iron inay rontinue evolving gas, but tbis will merely occasion 
more acid to pnss from a to u. The tube s may be left out when tbe 
cocks are usea. Under these circumstances the fluid in B will descend 
roore slowly on lowering m, since tlie space filled by the descending 
acid has to be occupied by suljiburetted hydrogen. When there are no 
cocks, however, * is essential ; otherwise on lowering m, the fluid 
through which the gas is pussing might recede into the apparatus. 
This incovenience may be easily prevented where cocks are provided. 
simply by closing b before lowering m. The gas from t i is cotiducted 
through wash-bottles, or in winter through U tubes filled with wool 
before being used. 

When the acid is finally exhausted, h is placed lower than a, and 
the air-cock h is opened, if the tube > is not present. AH the fluid then 
passes into m, and can be poured away. 

I am so pleased with the working of this apparatus that I now use 
it instead or the largo leaden generator which has rendered me such 
good Service for so many yci 
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Thefollowing apparatus (fig. 34), devised by Pr. Mohr, depends lipon 
the same principle as the abuve ; it is particularly useful for tlie evolutioa 
of small quantities of tLe gas. a is a well-known piece of apparatus, 
used for drying largo quantities of gas with chloride of calcium ; at b is a 
perforated disk of lead, and above Im 



i « of sulpbide of iron. To tue 
end of d is fiied, by means of indiarubber a, a small piece of wide glass 
tube, wbicb is tilled with cotton wool, and is intended to stop miv par- 
ticles of protochloride of iron which may be spirted up. e is a glass 
cock with a long wooden bandle, which may be replaced by a clip ; e 
contains a Solution of carbonate of soda, to prevent tbe escape of tbe 
sulpburetted bydrogen from tbe Solution of protocliloride of iron, and to 
protect the latter from the aetion of tbe air. The acid used here is a 
mixture of common bydrochloric acid with oae or two measures of water. 

Tbere are many other forma of apparatuB used for tbe same purpose. 
That devised by Pohl is simple and convcnient to use. It is shuwn in 
fig. 35. The bottle A, which contains dilute 
sulphuric acid, süould hold from 2 to 2k litres. 
The solid glass rod ü, measuring at least 'J mm. 
in diameter, and with the upper end ground, 
fite pretty tightly into the indiarubber stornier 
b, so that it requires a certain degree of force 
to move it upwards or downwards. To the 
lower end of tbis rod is attached the perforated 
basket k, made of vulcanite. This baskct is 
Hned with coarse linen, and filled with lumps 
of sulpbide of iron. Jf the glass rod o is 
pnsbed down sumcienttj far just to dip into 
the dilute sulpburic acid in A, a slow stream 
of hydrosulphuric acid is evolved, which may 
be increasea by lowering tbe basket, or stopped 
by drawing it np out of reaeh of the tiuid 
in a. Tbe wide tube h is filled with rotton 
wool, and serves the purpose of a washing- 
bottle. 

Sulphuretted hydrogm realer (sotutwn ofkydro- 
Mtdphurie acid) is prepared by conducting the 
gas into very cold water, which has been pre- 
Tiously freea from air by boiling. The Opera- 
tion is continued until the water is completely eaturated with the gas, 
which may be readily ascertained by closing the mouth of the flask 
with the thumb, and shaking it a little : if upon tbis a pressure is feit 
from within, the Operation may be constdered at an end ; but if, on the 
contra ry, tbe thumb feels sucked into the mouth of the flask, this is a 
rare sign that the water is still capable of absorbing morc gas. Sul- 
phuretted bydrogen water must be kept in well-closed vessels, other- 
wise it will soon sufler complete decomposition, tbe bydrogen being 
oiidized to water, and a small portion of the sulphur to sulphuric 
acid, the rest of the sulphur separating. The best way of preserving it 
nnaltered for a very long time is to pour the freshly prepared Solution 
immediately into small phials, to cork these well, and to place them in 
an in verteil positioo in small Jars filled with water. Pure sulpburetted 

X" ogen water must be perfectly clear and strongly emit the peculiar 
of the gas; when treated with sesquichloride of Ho^iXmxisA.^väA 




Fig. 3fi. 
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a copious precipitate of sulphur. Addition of ammonia must not 
impart a blackish appearance to it. It must leave no residue upon 
evaporation on platinum. 

Uses. — Hydrosulphuric acid has a strong tendency to undergo decoin- 
position with metallic oxides, forming water and raetallic sulphides, 
which latter being mostly insoluble in water are usually precipitated in 
the process. The conditions under which the precipitation of certain 
sulphides ensues differ materially; by alterimr or modifying these con- 
ditions we inay therefore divide the whole of the precipitable metals into 
groups, as will be found explained in Section III. Hydrosulphuric acid 
is therefore an invaluable agent to effect the Separation of metals into 
groups. Some of the precipitated sulphides exhibit a characteristic 
color indicative of the inaividual metals which they respectively contain. 
The great facility with which hydrosulphuric acid is decomposed renders 
this substance also a useful reaucing agent for many Compounds ; thus 
it serves, for instance, to reduce salts of sesquioxide of iron to salts of 
protoxide, chromic acid to the State of sesquioxide of chromium, ifec. 
In these processes of reduction the sulphur separates in the form of a 
fine white powder. Wliether the hydrosulphuric acid had better be 
applied in the gascous form or in aqueous Solution depends always upon 
the special circumstances of the case. 

III. Bases and Metals. 
§ 33. 

Bases are divided into oxygen bases and sulphur bases. The former 
result from the combination of metals or of Compound radicals of similar 
char acter with oxygen, the latter from the combination of the same 
bodies with sulphur. 

The oxygen bases are classified into alkalies, alkaline earths, earths 
proper, and oxides of the heavy metals. The alkalies are readily soluble 
in water; the alkaline earths dissolve with greater difficulty in that 
menstruum ; and magnesia, the last member of the class, is only very 
sparingly soluble in it. The earths proper and the oxides of the heavy 
metals are insoluble in water or nearly so (except protoxide of thallium). 
The Solutions of the alkalies and alkaline earths are caustic when sufh- 
ciently concentrated ; they have an alkaline taste, change the yellow 
color of turmeric paper to brown, and restore the blue tint of reddened 
litmus paper; they saturate acids completely, so that even the salts 
which they form with strong acids do not change vegetable colors, 
whilst those with weak acids generally have an alkaline reaction. The 
earths proper and the oxides of the heavy metals combine likewise with 
acids to form salts, but, as a rule, they do not entirely take away the 
acid reaction of the latter. 

The sulphur bases resulting from the combination of the metals of the 
alkalies and alkaline earths with sulphur are soluble in water. The 
Solutions have a strong alkaline reaction. The other sulphur bases do 
not dissolve in water. All sulphur bases form with sulphur acids 
sulphur salts. 
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a. Oxyoen Bases. 

a. Alka li es. 

§ 34. 

1. POTASSA (KO) AND SODA (Na 0). 

The preparation of perfectly pure potassa or soda is a difficult opera 
tion. It is advisable tberefore to prepare, besides perfectly pure caustic 
alkali, also some which is not quite pure, and some which being free 
from certain impurities inay in many cases be safely substituted for the 
pure substance. 

a. Common Solution of soda. — Put into a clean cast-iron pan provided 
with a lid 3 parte of crystallized carbonate of soda of commerce and 15 
parte of water, heat to boiling, and add, in small portions at a time, 
thick milk of lime prepared by pouring 3 parts of warm water over 1 
part of quicklime, and letting the mixture stand in a covered vessel 
until the lime is reduced to a uniform pulpy mass. Keep the liquid in 
the pan boiling whilst adding the milk of lime, and for a quarter of an 
hour longer, then filter off a small portion, and try whether the filtrate 
still causes effervescence in hydrochloric acid. If this is the case, the 
boiling must be continued, and if necessary some more milk of lime 
must be added to the fluid. When the Solution is perfectly free from 
carbonic acid, cover the pan, allow the fluid to cool a little, and then 
draw off the nearly clear Solution from the residuary sediment, by 
means of a siphon filled with water, and transfer it to a glass flask. 
Boil the residue a second and a third time with water, and draw off the 
fluid in the same way. Cover the flask close with a glass plate, and 
allow the lime suspended in the fluid to subside completely. Scour the 
iron pan clean, pour the clear Solution back into it, and evaporate it 
to 6 or 7 parts. The Solution so prepared contains from 9 to 10 per cent. 
of soda, and has a specific gravity of from 1*13 to l'lö. If it is wished 
to filter a Solution of soda which is not quite clear, a covered funnel 
should be used, which has been charged first with lumps of white 
marble and then with powder of the same, the fine dust being rinsed 
out with water before the filter is used (Graeger). Solution of soda 
must be clear, colorless, and as free as possible from carbonic acid ; 
sulphide of ammonium must not impart a black color to it. Traces of 
silicic acid, alumina, and phosphoric acid are usually found in a Solution 
of soda prepared in this manncr ; on which account it is unfit for use in 
accurate experiments. Solution of soda is kept best in bottles closed 
with ground glass caps. In default of capped bottles, common ones 
with well-ground stoppers may be used, in which case the neck must be 
wiped perfectly dry and clean inside and the stopper coated with paraffin ; 
since, if this precaution is neglected, it will be found impossible after a 
time to remove the stopper, particularlv if the bottle is only rarely opened. 

b. Hydrate (ff potassa purified müh alcohoL — Dissolve some caustic 
potassa of commerce in rectified spirit of wine in a stoppered bottle by 
digestion and shaking; let the fluid stand, decant it, or filter it if 
necessary, and evaporate the clear fluid in a silver dish over the gas or 
spirit lamp until no more vapors escape; adding from time to time, 
during the evaporation, some water to prevent blackenin<r of the mass. 
Place the silver dish in cold water until it has 8R&c\e\itVj w*ta&% 
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remove the cake of caustic potassa from the dish, break it into coarse 
lumps in a hot mortar, and keep in a well-closed glass bottle. When 
required for use, dissolve a small lump in water. 

The hydrate of potassa so prepared is sufficiently pure for most pur- 

Eoses ; it contains, indeed, a minute trace of alumina, but is usually free 
'om phosphoric acid, sulphuric acid, and silicic acid. The Solution must 
remain clear upon additiun of sulphide of ammonium ; hydrochloric acid 
must only produce a barely perceptible effervescence in it. The Solution 
acidified witli hydrochloric acid must, upon evaporation to dryness, leave 
a residue which dissolves in water to a clear fluid. The Solution acidi- 
fied with hydrochloric acid, and then mixed with ammonia in the least 
possible excess, must not show any flocks of alumina, at least until it 
nas stood in a warm place for several hours. The Solution acidified 
with nitric acid must not give any precipitate with a nitric acid Solution 
of molybdate of ammonia. 

c. Hydrate of potassa prepared rvith baryta. — Dissolve pure crystals of 
baryta (§ 36) by heating with water, and add to the Solution pure 
sulphate of potassa until a portion of the filtered fluid, acidified with 
hydrochloric acid and diluted, no longer gives a precipitate on addition 
of a further quantity of the sulphate (16 parts of crystals of baryta 
require 9 parts of sulphate of potassa). Let the turbid fluid clear, 
decant, and evaporate in a silver dish as in o. The hydrate of potassa so 
prepared is pertectly pure, except that it contains a trifling admixture of 
sulphate of potassa, which is left behind upon dissolving the hydrate 
in a little water. This hydrate is but rarely required, its use being in 
fact exclusively confined to the detection of minute traces of alumina. 

Uses. — The great aflinity which the fixed alkalies possess for acids 
Tenders these substances powerful agents to effect the aecomposition of 
the salts ofmost bases, and consequently the precipitation of those bases 
which are insoluble in water. Many of the so precipitated oxides redis- 
solve in an excess of the precipitant, as, for instance, alumina, sesqui- 
oxide of chromium, and oxide of lead ; whilst others remain undissolved, 
e.g. sesquioxide of iron, teroxide of bismuth, &c. The fixed alkalies 
serve therefore also as a means to separate the former from the latter. 
Potassa and soda dissolve also many salts (e.g. Chromate of lead), sul- 
phur Compounds, &c, and contribute thus to separate and distinguish 
them from other substances. Many of the oxides precipitated by the 
action of potassa or soda exhibit peculiar colors, or possess other charac- 
teristic properties that may serve to lead to the detection of the individual 
metal wnicn they respectively contain ; such are, für instance, the pre- 
cipitates of hydrate of protoxide of manganese, hydrate of protoxide of 
iron, suboxide of mercury, See, The fixed alkalies expel ammonia from 
its salts, and enable us thus to detect that body by its smell, its action 
on vegetable colors, &c. 

§ 35. 

2. Ammonia. Oxide of Ammonium. (NH 4 0). 

Preparation. — Ammonia is generally prepared in cast-iron v esseis on 
a large scale, and it will be found more economical to buy it.* For 
preparing it on a small scale the following method answers well. 

* An excellent receipt for preparing ammonia in ratber large qnantities will be 
found in Zeitschrift t. fcna). Cbem. 1, 186. 
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Introduce into a flask 4 parts of chloride of ammonium, either crystal- 
lized or in lumps, and the dry hjdrate of lime prepared from 5 parte of 
qnicklime, mix bj shaking, and cautiously add enough water to make 
the powder agglomerate into lumps. Set the flask in a sand bath and 
connect it with a rather large wash bottle and delivery tube. Put a 
small quantity of water in the wash bottle, and about 10 parts of water 
in the flask destined to absorb the gas. Place the latter in cold water, 
and then begin to apply heat. Evolution of gas speedily sets in. Con- 
tinue to heat until no more bubbles appear. Open the cork of the flask 
to prevent the receding of the fluid. 1 he Solution of ammonia contained 
in the washing bottle is impure, but that contained in the receiver is 
perfectly pure ; dilute it with water until the specific gravity is about 
'96 = 10 per cent. of ammonia. Keep the fluid in bottles closed with 
ground Stoppers. 

Tests. — -Solution of ammonia must be colorless, and ought not to 
leave the least residue when evaporated in a platinum dish. When 
heated with an equal volume of lime water, it should cause no turbidity, 
at least not to a very marked extent (carbonic acid). When super- 
saturated with nitric acid, neither Solution of nitrate of baryta nor of 
nitrate of silver must render it turbid, nor must sulphuretted hydrogen 
impart to it the slightest color. 

Ilses. — Solution of ammonia, although formed by conducting ammo- 
niacal gas (N H 8 ) into water, and letting that gas escape upon exposure 
to the air, and much quicker when heated, may also De regardea as a 
folation of oxide of ammonium (N H 4 0) in water, the first acceding 
equivalent of water (HO) being assumed to form N H 4 with N H $ . 
Upon this assumption Solution of ammonia may accordingly be looked 
upon as an analogous fluid to Solution of potassa and Solution of soda, 
which greatly simplifies the explanation of all its reactions, the oxygen 
salts resulting from the neutralization of oxygen acids by Solution of 
ammonia being also assumed to contain oxide of ammonium N H 4 0, 
instead of N H,. Ammonia is one of the most frequently used reagents. 
It is especially applied for the Saturation of acid fluids, and also to effect 
the precipitation of a great many metallic oxides and earths; many of 
these precipitates redissolve in an excess of ammonia, as, for instance, 
the oxides of zinc, cadmium, silver, copper, <fcc, whilst others are in- 
ioluble in free ammonia. This reagent may therefore serve also to 
•eparate and distinguish the former from the latter. Some of these 
precipitates, as well as their Solutions in ammonia, exhibit peculiar 
colors, which may at once lead to the detection of the individual metal 
which they respectively contain. 

Many of the oxides which are precipitated by ammonia from neutral 
tolutions are not precipitated by this reagent from acid Solutions, their 
precipitation from the latter being prevented by the ammonia salt formed 
in the process. Compare § 53. 

0. Alkaline Earths. 

§36. 

1. Baryta (BaO). 

Preparaium. — There are a great many ways of pte^fcntis\r5drc*\fe *& 
baryta; . bot as witherite is now easily and cheaply pTocumAfi^l TgitsXfcx 
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the following method to all others : Mix intimately together 100 parte 
of finely pulverized witherite, 10 parte of charcoal in powder, and ö parte 
of resin, put the mixture in an carthenware pot, put on the lid and lute 
it on with clay, and expose the pot so prepared to the heat of a brick- 
kiln. Break and triturate the baked mass, boil repeatedly with water 
in an iron pot, filter into vessels, stopper, and let them stand in the cold, 
when largo quantities of crystals of hydrate of baryta (Ba 0, H + 8 aq.) 
will make their appearance. Let the crystals drain in properly covered 
funnels, dry rapidly between sheets of blotting paper, and keep them 
in well closed bottles. For use dissolve 1 part of the crystals in 20 
parts of water, with the aid of heat, and filter the Solution. The baryta 
water so prepared is purer than the mother liquor running off from the 
crystals. The residue, which is insoluble in water, and consists of unde- 
composed witherite and charcoal, is turned to account in the preparation 
of cnloride of barium. 

Tests. — Baryta water must, after precipitatiön of the baryta by pure 
sulphuric acid, give a filtrate remaining clear when mixed with spirit 
of wine, and leaving no fixed residue upon evaporation in a platinum 
crucible. 

Uses. — Caustic baryta, being a strong base, precipitates the earths 
and metallic oxides insoluble in water from the Solutions of their salts. 
In the course of analysis we use it simply to precipitate magnesia. Baryta 
water may also be used to precipitate those acids which form insoluble 
Compounds with this base ; it is applied with this view to effect the 
detection of carbonic acid, the removal of sulphuric acid, phosphoric 
acid, &c. 

§ 37. 

2. Limb (Ca 0). 

We use — 

a. Hydrate of Urne, b. Lime water. 

The former is obtained by slacking pure calcined lime in lumps, in a 
porcelain dish, with half its weight of water. The heat which accom- 
panies the combination of the lime and the water is sufficient to evapo- 
rate the excess of water. Hydrate of lime must be kept in a well-stop- 
pered bottle. 

To prepare lime water, digest hydrate of lime for some time with 
cold distilled water, shaking the mixture oocasionally ; let the undis- 
solved portion of lime subside, decant, and keep the clear fluid in a well- 
stoppered bottle. If it is wished to have the lime water quite free from 
all traces of alkalies, baryta and strontia, which are almost invariably 
present in hydrate of lime prepared from calcined limestone, the liquids 
of the first two or three decantations must be removed, and the fluid 
decanted afterwards ulone made use of. 

Tests. — Lime water must impart a strongly-marked brown tint to 
turmeric paper, and give a not too inconsiderable precipitate with car- 
bonate of soda. It speedily loses these properties upon exposure to the 
air, and is thereby rendered totally unfit for analytical purposes. 

Uses. — Lime fcrms with many acids insoluble, with others soluble 

salts. Lime water may therefore serve to distinguish the former acids, 

which it precipitates from their Solutions, from tne latter, which it will 

of couts3 fail to precipitate. Many of the precipi table acids are thrown 

down onJf under certain conditions, e.g. on boüing (citric acid), which 
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afFords a ready means of distinguishing between them by altering these 
conditions. We use iime water in analysis principally to effect the 
detection of carbonic acid, and also to distinguish between citric acid 
and tartaric acid. Hydrate of lime is chiefly used to liberate ammonia 
from ammonia salt& 

y. Heavy Metals and their Oxides. 

§ 38. 

1. Zinc (Zn). 

Select zinc of good quality, and, above all, perfectly free from arsenic. 
The method described § 132, 10 will serve to detect the presence of the 
slightest trace of this substance. Fuse the metal and pour in a thin 
stream into a large vessel with water. Zinc which contains arsenic 
must be absolutely rejected, for no process of purification known to us 
that can in any way pretend to siinplicity will ever succeed in removing 
every trace of that metal (Eliot and Storer).* 

Uses. — Zinc serves in qualitative analysis for the evolution of hydro- 
gen, and also of arsenetted and antimonetted hydrogen gases (compare 
§ 131, 10, and § 132, 10) ; it is occasionally used also to precipitate 
some metals from their Solutions ; in which process the zinc simply 
displaces the other metal (Cu 0, S0 8 + Zn = Zn 0, S0 8 + Cu). Zinc is 
also sometimes used for the detection of sulphurous acid and phosphorous 
acid ; it must then be tested for sulphide of zinc or phosphide of zinc, 
as the case may be, see §§ 139 and 148. 

2. Iron (Fe). 

Iron reduces many metals and precipitates them from their Solutions 
in the metallic State. We use it especially for the detection of copper, 
which precipitates upon it with its characteristic color. Any clean 
surface of iron, such as a knife-blade, a needle, a piece of wire, &c. 
will serve for this purpose. 

3. Copper (Cu). 

We use copper exclusively to effect the reduction of mercury, which 
precipitates upon it as a white coating" shining with silvery lustre when 
rubbed. A copper coin scoured with fine sand, or in fact any clean 
surface of copper, may be employed for this purpose. 

§ 39. 

4. Hydrate of Teroxide of Bismuth (Bi 0„ H0).f 

Preparaüon, — Dissolve bismuth, freed from arsenic by fusion with 
hepar sulphuris, in dilute nitric acid ; dilute the Solution tili a slight 
permanent precipitate is produced; filter and evaporate the filtrate 

* Aooording to Gumma (Scheikundige Bijdragen, Deel I. Nr. 1, p. 118), the 
parißcation may be efieoted by repeated fusion with a mixturo of carbonate of soda 
and iolpbur. 

t Tim baaio ni träte of teroxide of bismuth of commerce, if perfectly free from artenic 
aad aatimecij, mt/ aho be ueed iujtead of the bydrated Uroxida. 
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to crystallization. Wash the crystals with water containing nitric acid, 
triturate thera with water, add ammonia in excess, and let the mixture 
digest for some time ; then filter, wash, and dry the white precipitate, 
and keep it for use. 

Tests. — The hydrate of bismuth is dissolved in dilute nitric acid and 
precipitated with sulphuretted hydrogen. Part of the precipitated sul- 
phide is treated with ammonia and filtered, part is treated with sul- 
phide of ammonium and filtered. The tiltrates are then mixed with 
nydrochloric acid in excess ; the first should give no precipitate, the 
second only a white precipitate of sulphur. 

Uses. — Teroxide of bismuth wben boiled with alkaline Solutions of 
metallic sulphides decomposes with the latter, giving rise to the forma- 
tion of metallic oxides and sulphide of bismuth. It is better adapted to 
eifect decompositions of this kind than oxide of copper, since it enables 
the Operator to judge immediately upon the addition of a fresh portion 
whetner the decomposition is complete or not It has still another 
advantage over oxide of copper, viz., it does not, like the latter, dissolve 
in the alkaline fluid in presence of organic substances ; nor does it act 
as a reducing agent upon reducible oxygen Compounds. We use it 
principally to convert ter sulphide and pentasulpnide of arsenic into 
arsenious and arsenic acids, for which purpose oxide of copper is alto- 
gether inapplicable, since it converts the arsenious acid immediately 
into arsenic acid, being itself reduced to the State of suboxide. 



b. Sulphur Bases. 

§ 40. 

1. Sulphide of Ammonium (NH 4 S). 

We use in analysis — 

a. Colorless protosulphide of ammonium. 

b. Yellow polysulphidt of ammonium. 

Preparation. — Transmit hydrosulphuric acid gas through 3 parts of 
Solution of ammonia until no further absorption takes place ; then add 
2 parts more of the same Solution of ammonia. The action of hydro- 
sulphuric acid upon ammonia gives rise to the formation, first, of N H 4 S 
(N H 4 and H S= N H 4 S and H 0), then of N H 4 S, HS; upon addition 
of the same quantity ot Solution of ammonia as has been saturated, the 
ammonia decomposes with the hydrosulphate of sulphide of ammonium, 
and protosulphide of ammonium is formed, thus : N H 4 S, HS + N HO = 
2 N H 4 S -i- 11 0. The rule, however, is to add only two-tbirds of the 
quantity of Solution of ammonia, as it is better the preparation should 
contain a little hydrosulphate of sulphide of ammonium than that free 
ammonia should be present. To employ, as has usually been the case 
hitherto, hydrosulphate of sulphide of ammonium instead of the simple 
protosulphide is unnecessary, and simply tends to increase the smell of 
sulphuretted hydrogen in the laboratory, as the preparation allows that 
gas to escape when in contact with metallic sulphur acids. 

Sulphide of ammonium should be kept in well-corked phials. It is 
colorless at first, and deposits no sulphur upon addition of acids. Upon 
exposure to the air, however, it acquires a yellow tint, owing to the 
formation of bisulphide of ammonium, which is attended also with 
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formation of ammonia and water, thus : 2 N H 4 S + = N H 4 S t + 
N H,+ HO. Continued action of the oxygen of the air upon the sul- 
phide of ammonium tends at first to the formation of still higher sul- 
phides ,• but afterwards the fluid deposits sulphur, and finally all the 
Sulpiride of ammonium is decomposed and the Solution contains nothing 
but ammonia and hyposulphite of ammonia. The formation of hypo- 
sulphite is thus explained : N H 4 S + O t - N H 4 0,S a O t . 

The sulphide of ammonium which has turned yellow by moderate 
exposure to the air may be used for all purposes requiring tne employ- 
ment of vellow sulphide of ammonium. Tne yellow sulphide may also 
be expeditiously prepared by dteesting the protosulphide with some 
sulphur. All lcinds of yellow sulphide of ammonium deposit sulphur 
and look turbid and milky on being mixed with acids. 

Tests. — Sulphide of ammonium must strongly emit the odor peculiar 
to it ; with acids it must evolve abundance of sulphuretted hydrogen ; 
the evolution of gas may be attended by the Separation of a pure white 
precipitate, but no other precipitate must be formed. Upon evaporation 
and exposure to a red heat in a platinum dish it must leave no residue. 
It must not even on heating precipitate or render turbid Solution of 
magnesia or Solution of iime (carbonate of ammonia or free ammonia). 

Utes. — Sulphide of ammonium is one of the most frequentlyemployed 
reagents. It serves (a) to effect the precipitation of those metals which 
hydrosulphuric acid fails to throw down from acid Solutions, e.g. of iron, 
cobalt, Ac. (N HS + Fe 0, S 0, = Fe S + N H 4 0, S $ ); (b) to separate 
the metallic sulphides thrown down from acid Solutions by hydrosul- 
phuric acid, since it dissolves some of them to sulphur salts, as, for in- 
stance, the sulphides of arsenic and antimony, &c. (N H 4 S, As S„ <tc), 
whilst leaving others undissolyed — for instance, sulphide oflead, sulphide 
of cadmium, &c. The sulphide of ammonium used for this purpose 
must contain an ezcess of sulphur if the metallic sulphides to be dis- 
solved will distolve only as higher sulphides, as, for instance, Sn S, 
which dissolves with ease only as Sn S s . 

From Solutions of salts of alumina and sesquioxide of chromium 
Sulpiride of ammonium precipitates hydrates of these oxides, with escape 
of sulphuretted hydrogen, as the sulphur Compounds corresponding to 
these oxides cannot form in the wet way. [Al s O t , 3SO. + 3N HS 
+ 6 H = A1 S 0„ 3 HO + 3 (N HO, 8 0,) + 3HS]. Salts insoluble in 
water are thrown down by sulphide of ammonium unaltered from their 
Solutions in acids ; thus, for instance, phosphate of lime is precipitated 
unaltered from its Solution in hydrochloric acid. 

Ml. 

2. Sulphide of Sodium (Na S). 

Preparation. — Same as sulphide of ammonium, except that Solution 
of soda is substituted for Solution of ammonia. Filter, if necessary, and 
keep the fluid obtained in well-stoppered bottles. If required to contain 
some higher sulphide of sodium digest it with powdered sulphur. 

Uscs. — Sulphide of sodium must be substituted for sulphide of ammo- 
nium to effect the Separation of sulphide of copper from sulphur Com- 
pounds soluble in alkaline sulphides, e.g. from protosulphide of tin, as 
sulphide of copper iß not quite insoluble in sulphide ot mm<H&ftX£u 
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IV. Salts. 

Of the many salts emploved as reagents those of potassa, soda, and 
ammonia are used principalfy on account of their acids ; salts of soda 
may therefore often be substituted for the corresponding potassa salts, 
&c. Thus it is almost always a matter of perfect indifference whether 
we use carbonate of soda or carbonate of potassa, ferrocyanide of potas- 
sium or ferrocyanide of sodium, &c. I have therefore here classified the 
salts of the alkalies by their acids. With the salts of the alkaline 
earths and those of the oxides of the heavy raetals the case is 
different ; these are not used for their acid, but for their base ; we may 
therefore often Substitute for one salt of a base another similar one, as 
e.g. nitrate or acctate of baryta for chloride of barium, &c. For this 
reason I have classified the salts of the alkaline earths and of the heavy 
metals by their bases. 

a. Salts of the Alkalies. 
§ 42. 

1. SüLPHATE OF POTASSA (K 0, S $ ). 

Preparation. — Purify sulphate of potassa of commerce by recrystal 
lization, and dissolve lpart of the pure salt in 12 parts of water. 

Uses. — Sulphate of potassa serves to detect and separate baryta and 
strontia. It is in many cases used in preference to dilute sulphuric 
acid, which is emploved for the same purpose, as it does not, like the 
latter reagent, disturo the neutrality of the Solution. 

§ 43. 
2. Phosphate of Soda (2NaO, HO, PO, + 24 aq.). 

Preparation. — Purify phosphate of soda of commerce by recrystal- 
lization, and dissolve 1 part of the pure salt in 10 parts of water for use. 

Tests. — Solution of phosphate of soda must not become turbid when 
heated with ammonia. The precipitates which Solution of nitrate of 
baryta and Solution of nitrate of silver produce in it must completely, 
and without effervescence, redissolve upon addition of dilute nitric acid. 

Uses. — Phosphate of soda precipitates the alkaline earths and all 
heavy metallic oxides by double affinity. It serves in the course of 
analysis after the Separation of the oxides of the heavy metals, as a test 
for alkaline earths in general; and, after the Separation of baryta, 
strontia, and lime, as' a special test for the detection of magnesia ; for 
which latter purpose it is used in conjunction with ammonia, the 
magnesia precipitating as basic phosphate of magnesia and ammonia. 

§44. 

3. Oxalate of Ammonia (2 N H 4 0, C 4 € + 2 aq.). 

Preparation. — Dissolve 1 part of commercial oxalic acid (which 

usually contains potassa) in o parts of boiling water, allow to cool, 

pour off or filter the Solution n*om the crystals of oxalic acid, which 

generali? contain quadroxalate of potassa, evaporate again and allow to 
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cool. The second crop of crystals ig practically free from potassa. A 
third crop equally pure may also be obtained. The mother liquor 
together with the first crop may be used in the preparation of Oxalate 
of potassa or soda. Dissolve the pure oxalic acid in 2 parts of distilled 
water, with the aid of heat, add Solution of ammonia until the reaction 
is distinctly alkaline, and put the vessel in a cold place. Let the 
crystals drain. The mother liquor will, upon proper evaporation, give 
another crop of crystals. Purify all the crystals by recrystallization. 
Dissolve 1 part of the pure salt in 24 parts of water for use. 

Tests. — The Solution of Oxalate of ammonia must not be precipitated 
nor rendered turbid by hydrosulphuric acid, nor by sulphide of ammo- 
nium. Ignited on platinum, the salt must volatilize witliout leaving 
a residue. 

Uses. — Oxalic acid forms with lime, strontia, baryta, oxide of lead, 
and other metallic oxides, insoluble or very difficultly soluble Com- 
pounds ; Oxalate of ammonia produces therefore in the aqueous Solutions 
of the salts of these bases precipitates of the corresponding Oxalates. In 
analysis it serves principaily for the detection and Separation of lime. 

§ 45. 
4. Acetate of Soda (Na 0, C 4 H $ t + 6 aq., or Na 0,Ä + 6 aq.). 

Preparation. — Dissolve crystallized carbonate of soda in a little water, 
add to the Solution acetic acid to slight excess, evaporate to crystalliza- 
tion, and purify the salt by recrystallization. For use dissolve 1 part of 
the salt in 10 parts of water. 

Tests. — Acetate of soda must be colorless and free from empyreumatic 
matter and inorganic acids. 

Uses. — The stronger acids in the free State decompose acetate of soda, 
combining with the base, and setting the acetic acid free. In the 
course of analysis acetate of soda is used principally to precipitate phos- 
phate of sesquioxide of iron (which is insoluble in acetic acid) from its 
Solution in hydrochloric acid. It serves also to effect the Separation of 
sesquioxide of iron and alumina, which it precipitates on boiling from 
the solutions of their salts. 

§ 46. 

5. Carbonate of Soda (NaO, C0 a + 10 aq.). 

Preparation. — Take bicarbonate of soda of commerce, put the powder 
into a runnel stopped loosely with cotton wool, make the surface even, 
cover it with a (üsk of difficultly permeable paper with turned-up edges, 
and wash by pouring small quantities of water on the paper disk, until 
the filtrate, acidified with nitric acid, is not rendered turbid by Solution 
of nitrate of silver, nor by Solution of chloride of barium. Let the salt 
dry, and then convert it by gentle ignition into the simple carbonate. 
This is effected best in a crucible or dish of silver or platinum ; but it 
may be done also in a perfectly clean vessel of cast iron, or, on a 
small scale, in a porcelain dish. JPure carbonate of soda may be obtained 
also by repeated recrystallization of carbonate of soda of commerce. 
For ose dissolve 1 part of the anhydrous salt or 27 parts of the crys- 
tallized salt in Sparte of water. 
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§ 48. 
7. Bisulphite op Soda (Na 0, HO, 2S0J. 

Prcparatim. — Heat 5 parte of copper clippings with 20 parte of 
concentrated sulphuric acid in a flask, and conduct the sulphurous acid 
gas evolved, first through a washing bottle containing some water, then 
into a flask containing 4 parte of purified bicarbonate of soda (§ 46), 
or 7 parte of pure crystallized carbonate of soda, and from 20 to 30 parte 
of water, and which is not much more than half füll : continue the 
transmission of the gas until the evolution of carbonic acid ceases. 
Keep the Solution, which smells strongly of sulphurous acid, in a well- 
stoppered bottle. 

Tests. — Sulphite of soda, when evaporated to dryness with pure sul- 
phuric acid, must leave a residue,* the aqueous Solution of which is not 
altered by hydrosulphuric acid, nor precipitated yellow by heating with 
a Solution of molybdate of ammonia inixed with nitric acid. 

Ilses. — Sulphurous acid has a great tendency to pass to the State of 
sulphuric acid by absorbin^ oxygen. It is therefore one of our most 
powerful reducing agente. Sulphite of soda, which has the advantage of 
Deing less readily decomposed than sulphurous acid, acte in an analogous 
manner upon addition of acid. We use it principally to reduce arsenic 
acid to arsenious acid, chromic acid to sesquioxide of chromium, and 
sesquioxide of iron to protoxide. It will serve also to effect the Separa- 
tion of tersulphide of arsenic, which is soluble in it, from the sulpindes 
of antimony and tin, which are insoluble in this reagent. 

§49. 
8. Nitrite of Potassa (KO, N0 8 ). 

Preparatum. — In an iron pan fuse 1 part of nitre, add 2 parte of lead, 
and keep stirred with an iron rod. Even at a low red neat the lead 
becomes for the most part oxidized and converted into a yellow powder. 
To oxidize the remainder, the heat is increased to visibie redness and 
maintained at that point for half an hour. Allow to cool, treat with 
cold water, filter and pass carbunic acid through the fil träte. This pre- 
cipitates almost the whole of the lead in Solution, the remainder is 
removed with a little sulphuretted hydrogen. Evaporate the clear 
fluid to dryness, finally with stirring, and fuse in order to destroy any 
hyposulphite of potassa (Aua. Stromeyer). When required, dissolve 
1 part in 2 parte of water, neutralize cautiously with acetic acid, and 
filter. 

Tests. — Nitrite of potassa must upon addition of dilute sulphuric acid 
copiously evolve nitric oxide gas. 

Uses. — Nitrite of potassa is an excellent meansto effect the detection 
and Separation of cobalt, in the Solutions of which metal it produces a 
precipitate of nitrite of potassa and sesquioxide of cobalt. It serves also 
in presence of free acid to liberate iodine from its Compounds. 

* The eyaporation i« attended with copious evolution of sulphurous acid. 
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§50. 
9. Bichromate of Potassa (KO, 2 Cr OJ. 

Preparation. — Purify the salt of commerce by recrystallization, and 
dissolve 1 part of the pure salt in 10 parte of water for use. 

Ilses.— -Chromate of potassa decomposes most of the soluble salts of 
metallic oxides by double affinity. Most of the precipitated chromat.es 
are very sparingly soluble, ana many of them exhibit characteristic 
colors which lead readily to the detection of the particular metal which 
they respectively contain. We use bichromate of potassa principally as 
a test for lead. 

§ öl. 

10. Granulär Antimonate of Potassa (KO,Sb O t + 7 aq.). 

Preparation. — Project a mixture of equal parte of pulverized tartar- 
emetic and nitrate of potassa in small portions at a time into a red- 
hot crucible. After the mass has defiagrated, keep it at a moderate red 
heat for a quarter of an hour longer, which will make it froth at first, 
but after some time it will be seen.in a State of calm fusion. Remove 
the crucible now from the fire, let the mass get sufficiently cold, and 
then extract it with warm water. Transfer to a suitable vessel, which 
is easily done by rinsing, and decant the supernatant clear fluid from 
the heavy white powder deposited. Concentrate the decanted fluid by 
evaporation. After 1 or 2 days a doughy mass will separate. Treat 
this mass with three times its volume of cold water, working it at the 
same time with a spatula. This Operation will serve to convert it into a 
fine granulär powder, to which add the powder from which the fluid was 
decanted, wasn well with boiling water, tili the washings cease to be 
alkaline, and dry on blotting paper. 100 parts of tartar-emetic give 
about 36 parts ot antimonate of potassa (Brunner). 

Tests and Uses. — Granulär antimonate of potassa is very sparingly 
soluble in water, requiring 90 parte of boiling and 250 parts of cold 
water for Solution. The Solution had always best be prepared imme- 
diately before required for use, by boiling the salt with water, and Alter- 
ing off the fluid from the undissolved portion. The Solution must be 
clear and of neutral reaction ; it must give no precipitate with Solution 
of chloride of potassium, nor with Solution of chloride of ammonium ; 
but Solution of chloride of sodium must produce a crystalline precipitate 
in it. Antimonate of potassa is a valuable reagent for soda, but its 
employment requires great caution, see § 90. 
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11. MOLYBDATE OF AMMONIA (N H 4 0, Mo $ ), DISSOLVED IN 

NlTRIC AC1D. 

Preparation. — Triturate sulphide of molybdenum with about an equal 

bulk of coarse quartz sand washed with hydrochloric acid, until the mass 

is reduced to a moderately fine powder ; heat the powder to faint red- 

ness, with repeated stirring, until the mass has acquired a lemon-yellow 

color (which after cooling turns whitish). With small quantities this 
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Operation may be conducted in a flat platinum dish, with large quantities 
in a muffte. Extract the residuary mass with Solution of ammonia, 
£lter, evaporate the filtrate, heat the residue to faint redness until the 
mass appears yellow or white, and then digest for several days with 
nitric acid in the water bath, in order to convert the phosphoric acid 
which is almost invariably present in the ore to the tribasic State. When 
the nitric acid is evaporatea dissolve the residue in 4 parts of Solution of 
ammonia, tilter rapidly, and pour the filtrate into lö parts bv weicht of 
nitric acid of 1*20 specific gravity. Keep the mixture Standing several 
days in a moderately warm place, which will cause the Separation of any 
remaining traces of phosphoric acid as phospho-molybdate of ammonia. 
Decant tne colorless fluid from the precipitate, and keep it for use. 
Heated to 40° no white precipitate (molybdic acid or an acid salt of the 
same) will separate ; but if tne temperature is raised beyond that point 
this will at once take place unless more nitric acid be added (Eggertz). 
Ilses. — Phosphoric acid and arsenic acid form with molybdic acid and 
ammonia peculiar yellow Compounds which are almost absolutely in- 
soluble in the nitric acid Solution of molybdate of ammonia. The phos- 
phoric acid Compound is formed in the cold, the arsenic acid Compound 
requires heat. Molybdate of ammonia affords therefore an excellent 
means to detect these acids, and more especially very minute quantities 
of phosphoric acid in acid Solutions containing sesquioxide of iron, 
alumina, and alkaline earths. 

§ Ö3. 

12. Chloride of Ammonium (N H 4 C1). 

PreparaHon. — Select sublime d white sal ammoniac of commerce. If 
it contains iron it must be punfied. For this purpose add ammonia to 
the boiling Solution, continue boilincr tili the alkaline reaction has almost 

fme, allow the precipitate to suhside, filter, and crystallize. Dissolve 
part of the salt in 8 parts of water for use. 
Tests. — Solution of chloride of ammonium must leave no fixed residue 
upon evaporation on a platinum knife. Sulphide of ammonium must 
have no action upon it. Its reaction must be perfectly neutral. 

üses. — -Chloride of ammonium serves principally to retain in Solution 
certain oxides (e.g. protoxide of manganese, magnesia)or salts (e.^. tartrate 
of lime) upon the precipitation of other oxides or salts by ammonia or 
some other reagent. This application of chloride of ammonium is based 
upon the tendency of the ammonia salts to form double Compounds with 
other salts. Chloride of ammonium serves also to distinguish between 
precipitates possessed of similar properties ; for instance, to distinguish 
the basic phosphate of magnesia and ammonia, which is insolubie in 
chloride of ammonium, from other precipitates of magnesia. It is used 
also to precipitate from their Solutions in potassa various substances 
which are soluble in that alkali, but insolubie in ammonia; e.g. alumina, 
sesquioxide of chromium, &c. In this process the elements of the chlo- 
ride of ammonium transpose with those of the potassa, and chloride of 
potassium, water, and ammonia are formed. Chloride of ammonium is 
applied also as a special reagent to effect the precipitation of platinum as 
ammonio-bichloriae of platinum. 
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§ 54. 
13. Cyanide of Potassium (K Cy). 

Preparation. — Heat ferrocyanide of potassium of commerce (perfectly 
free from sulphate of potassa) gently, with stirring, until the crystalh- 
zation water is completely expelled ; triturate the anhydrous mass, and 
mix 8 parts of the dry powder with 3 parts of perfectly dry carbonate 
of potassa ; fuse the mixture in a covered Hessian or, better still, in a 
covered iron crucible, until the mass is in a faint glow, appcars clear, 
and a sample of it, taken out with a heated glass or iron rod, looks 
perfectly white. Remove the crucible now from the fire, tap it gently, 
and let it cool a little until the evolution of gas has ceased ; pour the 
fused Cyanide of potassium into a heated tall, crucible-shaped vessel of 
clean iron or silver, or into a moderately hot Hessian crucible, with 
proper care, to prevent the running out of any of the minute particles 
of iron which have separated in the process of fusion and have subsided 
to the bottom of the crucible. Let the mass now slowly cool in a 
somewhat warm place. The Cyanide of potassium so prepared is exceed- 
ingly well adapted for analytical purposes, although it contains carbonate 
and cyanate of potassa ; which latter is upon Solution in water trans- 
formed into carbonate of ammonia and carbonate of potassa (KO, 
C,NO + 4HO = KO,CO t + N HO, C O s ). Keep it in the solid form in 
a well-stoppered bottle, and dissolve 1 part of it in 4 parts of water, 
without application of heat, when required for use. 

Tests. — Cyanide of potassium must be of a milk-white color and 
quite free from particles of iron or charcoal It must completely dis- 
solve in water to a clear fluid. It must contain neither silicic acid nor 
sulp hi de of potassium ; the precipitate which salts of lead produce in its 
Solution must accordingly be of a white color, and the residue which its 
Solution leaves upon evaporation, after previous supersaturation with 
hydrochloric acid,* must completely dissolve in water to a clear fluid. 

Uscs. — Cyanide of potassium prepared in the manner described pro- 
duces in the Solutions of most of the salts of metallic oxides precipi- 
tates of cyanides of metals or of oxides or carbonates which are insoluble 
in water. The precipitated cyanides are soluble in Cyanide of potassium, 
and may therefore by further addition of the reagent be separated from 
the oxides or carbonates which are insoluble in Cyanide of potassium. 
Some of the metallic cyanides redissolve invariaoly in the Cyanide of 
potassium as double cyanides, even in presence of free hydrocyanic acid 
and upon boiling; whilst others combine with cyanogen to new radicals, 
which remain in Solution in combination with the potassium. The most 
common Compounds of this nature are cobalticyanide of potassium and 
ferro- and ferricyanide of potassium. These differ from the double 
cyanides of the other kind particularly in this, that dilute acids fail to 
precipitate the metallic cyanides whicn they contain. Cyanide of potas- 
sium maj accordingly serve also to separate the metals which form Com- 
pounds of the latter description from others the cyanides of which are 
precipitated bj acids from their Solution in Cyanide of potassium. In 
the course of analvsis this reagent is of great importance, as it serves to 

* This üupersaturation with hydrochloric »cid is attended with disengagement of 
hjdrooy&uio jurid. 
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effect the Separation of cobalt firottt nickel ; also that of copper, the 
sulphide of which metal is soluble in it, firom cadmium, the suiphide of 
which is insoluble. 

§55. 

14. Ferrocyanide op Potassium (2 K,C e N t Fe + 3 aq. = 

2 K, Cfy + 3 aq.). 

Preparatiott. — The ferrocyanide of potassium is found in commerce 
sufficiently pure. 1 part of the sah is dissolved in 12 parte of water 
for use. 

Uses. — Ferrocyanogen forms with most metals Compounds insoluble 
in water, which frequently exhibit highly characteristic colors. These 
ferrocyanides are formed when ferrocyanide of potassium is brought into 
contact with soluble salts of metallic oxides, with chlorides, &c, the 
potassium changing places with the metals. Ferrocyanide of copper and 
ferrosesquicyanide of iron exhibit the most characteristic colors of all ; 
ferrocyanide of potassium serves therefore particularly as a test for oxide 
of copper and sesquioxide of iron. 

§56. 
16. Ferricyanide op Potassium (3 K, C lt N,Fe s = 3 K,Cfdy). 

Preparatwn.— Gonduct chlorine gas slowly into a Solution of 1 part 
of ferrocyanide of potassium in 10 parts of water, with frequent stirnng, 
until the Solution exhibits a fine deep red color by transmitted light (the 
light of a candle answers best), and a portion of the fluid produces no 
longer a blue precipitate in a Solution of sesquichloride of iron, but 
imparts a brownish tint to it. Evaporate the fluid now in a dish to J 
of its weight, and let crystallize. ^he muther liquor will upon further 
evaporation yield a second crop of crystals equally fit for use as the first. 
Dissolve the whole of the crystals obtained in 3 parts of water, filter if 
necessary ; evaporate the Solution briskly to half its volume, and let 
crystallize again. Whenever required for use, dissolve a few of the 
crystals, which are of a splendid red color, in a little water. The Solu- 
tion, as already remarked, must produce neither a blue precipitate nor a 
blue color in a Solution of sesquichloride of iron. 

Uses. — Ferricyanide of potassium decomposes with Solutions of me- 
tallic oxides in the same manner as ferrocyanide of potassium. Of the 
metallic ferricyanides the ferriprotocyanide of iron is more particularly 
characterized by its color, and we apply ferricyanide of potassium there- 
fore principally as a test for protoxide of iron. 

§57. 

16. Sülphocyanide op Potassium (K,C,N S s or K, Cy S s ). 

Preparation. — Mix together 46 parts of anhydrous ferrocyanide of 
potassium, 17 parts of carbonate oi potassa, and 32 parts of sulphur : 
introduce the mixture into an iron pan provided with a lid, and fuse 
over a gentle fire ; maintain the same temperature until the swelling of 
the mass which ensues at first has completely subsided and given place 
to a State of tranquil and clear fusion ; increase Üie tom^orotaKfe iurc r 
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towards the end of the Operation, to faint redness, in order to decompose 
the hyposulphite of potassa which has been formed in the process. Re- 
move the half' refrigerated and still soft mass from the pan, crush it, 
and boil repeatedly with alcohol of from 80 to 90 per cent. IJpon cooling, 
part of the sulphocjanide of potassium will separate in colorless crvstals ; 
to obtain the remainder, distil the alcohol from the mother liquor. 
Dissolve 1 part of the salt in 10 parts of water for use. 

Tests. — Solution of sulphocyanide of potassium must remain per- 
fectly colorless when mixed with perfectly pure dilute hydrochloric 
acid. 

Uscs. — Sulphocyanide of potassium serves for the detection of sesqui- 
oxide of iron, for which substance it iß at once the most characteristic 
and the most delicate test. 



b. Salts of the Alkaline Earths. 

§68. 
1. Chloride of Barium (BaCl + 2aq.). 

Preparatim. — a. From heavy spar. Mix together 8 parts of pulverized 
sulphate of baryta, 2 parts of charcoal in powder, and 1 part of common 
resin. Put the mixture in a crucible, and expose it in a wind furnace 
to a long-continued red heat. Triturate the crude sulphide of barium 
obtained, boil about T 9 V of the powder with 4 times its quantity of water, 
and add hydrochloric acid until all effervescence of sulphuretted hydro- 
gen has ceased, and the fluid manifeste a slight acid reaction. Add 
now the remaining ^ part of the sulphide ofbarium, boil some time 
longer, then filter, and let the alkaline fluid crystallize. Dry the crys- 
tals, redissolve them in water, and crystallize again. 

h. From witherite, Pour 10 parts of water upon 1 part of pulverized 
witherite, and gradually add crude hydrochloric acid until the witherite 
is almost completely dissolved. Add now a little more finely pulverized 
witherite, and heat, with frequent stirring, until the fluid has entirely 
or very nearly lost its acid reaction ; add Solution of sulphide of barium 
as long as a precipitate forms ; thcn filter, evaporate the flltrate to 
crystaüization, and purify by crystallizing again. For use dissolve 1 
part of the chloride ofbarium in 10 parts of water. 

Tests. — Pure chloride of barium must not alter vegetable colors ; its 
Solution must not be colored or preeipitated by hydrosulphuric acid, nor 
by sulphide of ammonium. Pure sulphuric acid must precipitate every 
fixed particle from it, so that the fluid nltered from the precipitate formeä 
upon the addition of that reagent leaves not the slightest residue when 
evaporated on platinum foil. 

Uses. — Baryta forms with many aeids soluble, with others insoluble 
Compounds. This property of baryta affords us therefore a means of 
distinguishing the former aeids, which are not preeipitated by chloride 
of barium. from the latter, in the Solution of the salts of which this re- 
agent produces a precipitate. The preeipitated salts of baryta severally 
show with aeids a different deportment. By subjeeting these salts to 
the action of aeids we are therefore enabled to subdivide the group of 
precipitable aeids and even to detect certain individual aeids. This 
m&kes chloride of barium one of our most important reagents to distin- 
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guish between certain groups of acids, and more especially also to effect 
tue detection of sulphuric acid. 

§ 59. 
2. Nitrate of Baryta (Ba 0, N $ ). 

Preparation. — Treat carbonate of baryta, no matter whether witherite 
or precipitated by carbonate of soda from Solution of sulphide of barium, 
with dilute nitric acid free from chlorine, and proceed exactly as directed 
in the preparation of cbloride of barium from witherite. For use, dis- 
solve 1 part of the sah in lö parts of water. 

Tests. — Solution of nitrate of baryta must not be made turbid by 
Solution of nitrate of silver. Other tests the same as for chloride of 
barium. 

Uses. — Nitrate of baryta is used instead of chloride of barium in 
cases where it is desirable to avoid the presence of a metallic chloride in 
the fluid. 

§ 60. 

3. Carbonate of Baryta (Ba 0, C 2 ). 

Preparation. — Dissolve crystallized chloride of barium in water, heat 
to boiling, and add a Solution of carbonate of ammonia mixed witli some 
caustic ammonia, or of pure carbonate of soda, as Ions: as a precipitate 
forms ; let the precipitate subside, decant five or six tiraes, transfer the 
precipitate to a filter, and wash until the washing water is no longer 
rendered turbid by Solution of nitrate of silver. Stir the precipitate 
with water to the consistence of thick milk, and keep this mixture in 
a stoppered bottle. It must of course be shaken e very time it is required 
for use. 

Tests. — Pure sulphuric acid must precipitate every fixed particle 
from a Solution of carbonate of baryta in hydrochloric acid (compare 
§36). 

Uses. — Carbonate of baryta completely decomposes the Solutions of 
many metallic oxides, e.g. sesquioxide of iron, alumina ; precipitating 
from them the whole of the oxide as hydrate and basic sah, whilst some 
other metallic salts are not precipitated by it. It serves therefore to 
separate the former from the latter, and affords an excellent means of 
enecting the Separation of sesquioxide of iron and alumina from prot- 
oxide of manganese, oxide of zinc, lime, magncsia, &c. It must bc 
borne in mind, however, that the salts must not be sulphates, as car- 
bonate of baryta equally precipitates the latter bases from these 
Compounds. 

§ 61. 

4. Sülphate of Lime (Ca 0, S 0„ crystallized Ca 0, S O f + 2 aq.). 

Preparation. — Digest and shake powdered crystallized gypsum (sele- 
nite) for some time with water; let the undissolved portion subside, 
decant, and keep the clear fluid for use. 

Uses. — Sülphate of lime, being a difficultly soluble salt, is a con- 
Tenient agent m cases where it is wished to apply a Solution of a limo salt 
or of a sülphate of a deBnite degree of dilution. Aä ä&uto ^o\\i!C\^L ^ 

/. F 
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a lime salt it is used for the detection of oxalic acid ; whilst as dilute 
Solution of a sulphate it affords an excellent means of distinguishing 
between baryta, strontia, and lime. 

§62. 
5. Chloride of Calcium (Ca Cl, crystallized Ca Cl + 6 aq.). 

Preparation. — Di Inte 1 part of crude hydrochloric acid with 6 parte 
of water, and add to the fluid marble or chalk until the last portion 
added remains undissolved ; add now some hydrate of lime, then sul- 
phuretted hydrogen water until a filtered portion of the mixture is no 
longer altered by sulphide of ammonium. Then let the mixture stand 
covered for 12 hours at a gentle heat ; filter, exactly neutral ize the 
ultra te, concentrate by evaporation and crystallize. Let the crystals 
drain, and dissolve 1 part of the salt in 5 parts of water for use. 

Tests. — Solution ot chloride of calcium must be perfectly neutral, and 
seither be colored nor precipitated by sulphide of ammonium ; nor ought 
it to evolve ammonia when mixed with hydrate of potassa or hydrate of 
lime. 

Uses. — Chloride of calcium is in its action and application analogous 
to chloride of barium. For as the latter reagent is used to separate the 
inorganic acids into groups, so chloride of calcium serves in the same 
manner to effect the Separation of the organic acids into groups, since it 
precipitates some of them, whilst it forms soluble Compounds with others. 
And, as is the case with the baryta precipitates, the different conditions 
under which the various insoluule lime salts are thrown down enable us 
to subdivide the group of precipitable acids. 

§ 63. 

6. Sulphate of Magnesia. 

(Mg 0, S 0„ crystallized Mg 0, S 0„ H + 6 aq.). 

Preparation. — Dissolve 1 part of sulphate of magnesia of commerce 
in 10 parte of water ; if the salt is not perfectly pure, subject it to re- 
crystallization. 

Tests. — Sulphate of magnesia must have a neutral reaction. Its Solu- 
tion, when mixed with a sufficient quantity of chloride of ammonium, 
must, after the lapse of half an hour, not appear clouded or tinged by 
pure ammonia, or by carbonate or Oxalate of ammonia, or by sulphide 
of ammonium. 

Uses. — Sulphate of magnesia serves almost exclusively for the detec- 
tion of phosphoric acid and arsenic acid, which it precipitates from 
aqueous Solutions of phosphates and ar Senates, in presence of ammonia 
and chloride of ammonium, in the form of almost absolutely insoluble 
highly characteristic double salts (basic phosphate or basic arsenate of 
magnesia and ammonia). Sulphate of magnesia is also employed to 
test sulphide of ammonium (see § 40). 
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<?. Salts of the Oxides of the Heavy Metals. 

§ 64. 

1. SüLPHATE OF PrOTOXIDE OF IKON. 

(Fe 0, S 0„ crystallina Fe 0, S 0„ H + 6 aq.). 

Preparation. — Heat an excess of iron nails free from rast, or of clean 
iron wire, with dilute sulphuric acid until the evolution of hydrogen 
ceases ; filter the sufliciently concentrated Solution, add a few drops of 
dilute sulphuric acid to the filtrate, and allow it to cool. Wash the 
crystals with water very slightly acidulated with sulphuric acid, dry and 
keep for use. The sulphate of protoxide of iron may also be prepared 
from the Solution of Sulpiride of iron in dilute sulphuric acid which is 
obtained in the process of evolving hydrosulphuric acid. 

Tests. — The crystals of sulphate of protoxide of iron must have a fine 
pale green color. Crystals that have been more or less oxidized by the 
action of the air, and give a brownish-yellow Solution when treated 
with water, leaving undissolved basic sulphate of sesquioxide of iron 
behind, must be altogether rejected. Hydrosulphuric acid must not 
precipitate Solution of sulphate of protoxide of iron after addition of 
some hydrochloric acid, nor even impart a blackish tint to it. 

Use*. — Sulphate of protoxide of iron has a great disposition to absorb 
oxygen, and to be converted into the sulphate of the sesquioxide. It 
acts therefore as a powerful reducing agent. We einploy it principally 
for the reduction of nitric acid, from which it separates nitric oxide by 
withdrawmg three atoms of oxygen from it. The decomposition of the 
nitric acid being attended in this case with the formation of a very 
peculiar brownish-black Compound of nitric oxide with an undecom- 
posed portion of the salt of the protoxide of iron, this reaction affords 
a particularly characteristic and delicate test for the detection of nitric 
acid. Sulphate of protoxide of iron serves also for the detection of 
hydroferricyanic acid, with which it produces a kind of Prussian blue, 
and also to effect the precipitation of metallic gold from Solutions of the 
salts of that metal. 

§ 65. 

2. Sesquichloride of Iron (Fe, Cl,). 

Preparation. — Heat in a flask a mixture of 10 pnrts of water and 1 
part of pure hydrochloric acid with small iron nails until no further 
evolution of hydrogen is observed, even after adding the nails in excess ; 
filter the Solution into another flask, and conduct into it chlorine gas, 
with frequent shaking, until the fluid no longer produces a blue precipi- 
tate in Solution of ferricyanide of potassium. Heat until the excess of 
chlorine is expelled. Dilute until the fluid is twenty times the weight 
of the iron disf olved, and keep for use. 

Tests. — Solution of sesquichloride of iron must not contain an excess 
of acid ; this may be readily ascertained by stirring a diluted sample of 
it with a glass rod dipped in ammonia, when the absence of any excess 
of acid will be proved by the formation of a precipitate whicli shaking 
the vessel or agitating the fluid fails to recussolve. Femo$ui\d& tf 
potassium must not impart a blue color to it. 

f2 
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Uses. — Sesquichloride of iron serves to subdivide the group of organic 
acids which chloride of calcium fails to precipitate, as it produces pre- 
cipitates in Solutions of bcnzoates and succinates, but not in cold Solu- 
tions of acetates and formates. The aqueous Solutions of the neutral 
acetate and formate of sesquioxide of iron exhibit an intensely red color ; 
sesquichloride of iron is therefore a useful agent for detecting acetic 
acid and formic acid. Sesquichloride. of iron is exceedingly well 
adapted to effect the decomposition of phosphates of the alkaline earths 
(see § 1413). It serves also for the detection of hydroferroeyanic acid, 
with which it produces Prussian blue. 

§ 66. 
3. Nitrate of Silver (AgO, NO § ). 

Prcparatian. — Dissolve 1 part of the pure salt in 20 parts of water. 

Tests. — Dilute hydrochloric acid must completely preeipitate all fixed 
particles from Solution of nitrate of silver, which should have a neutral 
reaction ; the fluid filtered from the preeipitated chloride of silver must 
accordingly leave no residue when evaporated on a watch-glass, and 
must be neither preeipitated nor colored by hydrosulphuric acid. 

Uses. — Oxide of silver forms with many acids soluble, with others 
insoluble Compounds. Nitrate of silver may therefore serve, like 
chloride of barium, to effect the Separation and arrangement of acids 
into Croups. 

Most of the insoluble Compounds of silver dissolve in dilute nitric 
acid ; chloride, bromide, iodide, and Cyanide, ferroeyanide, ferrieyanide, 
and sulphide of silver are insoluble in that menstruum. Nitrate of 
silver is therefore a most excellent agent to distingfuish and separate 
from all other acids the hydraeids corresponding to tue last enumerated 
Compounds of silver. Many of the insoluble salts of silver exhibit a 
peculiar color (chromate of silver, arsenate of silver), or manifest a 
characteristic deportment with other reagents or upon the application oi 
heat (formate of silver); nitrate of silver is therefore an important 
agent for the positive detection of certain acids. 

§ 67. 

4. Acetate of Lead (Pb 0, Ä, crystallized Pb 0, Ä + 3 aq.). 

The best acetate of lead of commerce is sufficiently pure ; for use 
dissolve 1 part of the salt in 1 parts of water. 

Tests. — Sugar of lead must completely dissolve in water aeidified 
with one or two drops of acetic acid ; the Solution must be quite clear 
and colorless ; hydrosulphuric acid must throw down all fixed particles 
from it. On mixing the Solution of sugar of lead with carbonate of 
ammopia in excess, and filtering the mixture, the filtrate must not 
show a bluisb tint (copper). 

Uses. — Oxide of leaa forms with a great many acids Compounds in- 
soluble in water, which are marked either by peculiarity of color or 
characteristic deportment. The acetate of lead therefore produces pre- 
cipitates in the Solutions of these acids or of their salts, and essen tially 
contributes to the detection of several of them. T\i\ä chxom&te of lead,. 
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for instance, is characterized by its yellow color, phosphate of lead by 
its peculiar deportment before the blowpipe, and malate of lead by its 
ready fdsibility. 

§ 68. 

5. Nitrate of Suboxidb of Mercury (Hg a O, NO t , erystallized 

Hg a O, NO, + 2 aq.). 

Preparatum. — Pour 1 part of pure nitric acid of 1'2 spec. gT. on 1 
part of pure mercury in a porcelain dish, and let tbe vessel stand 
twenty-four bours in a cool place ; separate the crystals formed from the 
undissolved mercury and the mother liquor, and dissolve them in water 
mixed with one-sixteenth part of nitric acid, by trituration in a mortar. 
Filter the Solution, and keep the filtrate in a bottle with some metallic 
mercury covering the bottom of the vessel. 

Tests. — The Solution of nitrate of suboxide of mercury must give with 
dilute hydrochloric acid a copious white precipitate of subchloride of 
mercury ; hydrosulphuric acid must produce no precipitate in the fluid 
filtered from this, or at allevents onlyatriflingblack precipitate (sulphide 
of mercury). 

Ilses. — Nitrate of suboxide of mercury acts in an analogous manner to 
the corresponding salt of silver. In the first place, it precipitates many 
acids, especially the hydracids ; and, in the second place, it serves for the 
detection of several readily oxidizable bodies, e.g. of formic acid, as the 
oxidation of such bodies, which takes place at the expense of the oxygen 
of the suboxide of mercury, is attended with the highly characteristic 
Separation of metallic mercury. 

§ 69. 
6. Chloride of Mercury (HgCl). 

The chloride of mercury of commerce is sufficiently pure. For use 
dissolve 1 part of the salt in 16 parts of water. 

Uses. — Chloride of mercury gives with several acids, e.g. with hydri- 
odic acid, peculiarly colored precipitates, and may accordingly be used 
for the detection of these acids. It is an important agent in the detec- 
tion of tin where that metal is in Solution in the State of protochloride ; 
if only the smallest quantity of that Compound is present the addition 
of chloride of mercury in excess to the Solution is followed by Separation 
of subchloride of mercury insoluble in water. In a similar manner 
chloride of mercury serves also for the detection of formic acid. 

§ 70. 
7. Sulphate of Copper (CuO,SO^c/^taWi^fCuO,SO f ,HO + 4 aq.). 

Preparatum. — This reagent may be obtained in a State of great purity 
from the residue remaining in the ilask in the process of preparing bisul- 
phite of soda (§ 48), by treating with water, applying heat, filtering, 
adding a few drops of nitric acid, boiling for some time, allowing to 
crystallize, and purifying the salt by recrystallization. For use dissolve 
1 part in 10 parts of water. 

Tests. — Alter precipitation by hydrosulphuric acid, ammonia and 
sulphide of ammonium must leave the filtrate unaltered. 
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Uses. — Sulphate of copper is employed in qualitative analysis to effect 
the precipitation of hydnodic acid in the form of subiodide of copper. 
For this purpose it is necessary to mix the Solution of 1 part of sulphate 
of copper with 2 £ parts of sulphate of protoxide of iron, otherwise half of 
the iodine will separate in the free State. The protoxide of iron changes 
in this process to sesquioxide, at the expense oi the oxygen of the oxide 
of copper, which latter is thus reduced to the State of suuoxide. Sulphate 
of copper is used also for the detection of arsenious and arsenic acids; it 
serves likewise as a test for the soluble ferrocyanides. 

§ 71. 
8. Protochloride of Tin (Sn Cl, crystallized Sn Cl + 2 aq.). 

Preparatim. — Reduce grain tin to powder by means of a file, or by 
Aising it in a small porcelain dish, removing from the fire, and triturating 
with a pestle until it has passed again to the solid State. Boil the 
powder for some time with concentrated hydrochloric acid in a flask 
(taking care always to have an excess of tin in the vessel) until hydro- 
gen gas is scarcely evolved; dilute the Solution with 4 times the quantity 
of water slightly acidulated with hydrochloric acid, and filter. Keep 
the filtrate for use in a well-stoppered bottle containing small pieces of 
metallic tin, or some pure tin-fbil. If these precautions are neglected 
the protochloride will soon change to bichloride, with Separation of 
white oxychloride, which will renaer the reagent unfit for use. 

Tests. — Solution of protochloride of tin must, when added to excess 
of Solution of chloride of mercury, immediately produce a white preci- 
pitate of subchloride of mercury ; when treated with hydrosulphuric 
acid it must give a dark brown precipitate ; it must not be precipitated 
nor rendered turbid by sulphuric acid. 

Uses. — The great tendency of protochloride of tin to absorb oxygen, 
and thus to form binoxide, or rather bichloride — as the binoxide in the 
moment of \ts formation decomposes with the free hydrochloric acid 
present — makes this substance one of our most powerful reducing 
agents. It is more particularly suited to withdraw part or the whole of 
the chlorine from chlorides. We employ it in the course of analysis as 
a test for mercury ; also to effect the detection of gold. 

§ 72. 
0. Bichloride of Platinum (PtCl„ crystallized PtCl, + 10aq.). 

Preparatim. — Treat platinum clippings, purified by boiling with 
nitric acid, with concentrated hydrochloric acid and some nitric acid in 
a narrow-necked tiask, and apply a very gentle heat, adding occasionally 
fresh portions of nitric acid, until the platinum is completely dissolved. 
Evaporate the Solution on the water-bath, with addition of hydrochloric 
acid, and dissolve the semifluid residue in 10 parts of water for use. 

Tests. — Bichloride of platinum must, upon evaporution to dryness in 
the water-bath, leave a residue which dissolves completely in spirit of 
wine. 

Üses. — Bichloride of platinum forms very sparingly soluble double 
sslts with chloride of potaasiuin *&d chloride of ammonium, but not so 
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with chloride of sodium ; it serves therefore to detect ammonia and 
potas&a, and may, indeed, be looked upon as our most delicate reagent 
for the latter substance in the wet way. 

§73. 

10. Sodio-Protochloride of Palladium (NaCl, PdCl). 

Dissolve ö partß of palladium in nitrohydrochloric acid (comp. § 72), 
add 6 parts of pure chloride of sodiuin, evaporate in the water-bath to 
dryness, and dissolve 1 part uf the residunry double salt in 12 parts of 
water for use. The brownish Solution atfords an excellent means for 
detecting and separating iodine. 

§74. 
11. Terchloride of Gold (Au C1J. 

Preparation. — Take fine shreds of gold, which may be alloyed with 
silver or copper, treat them in a flask with nitrohydrochloric acid in 
excess, and apply a gentle heat until no more of the metal dissolves, 
then dilute the Solution with 10 parts of water. If the gold was alloyed 
with copper — which is known by the brownish-red precipitate produced 
by ferrocyanide of potassium in a portion of the Solution diluted with 
water — mix it with Solution of sulphate of protoxide of iron in excess. 
This will reduce the terchloride to metallic gold, which will separate in 
the form of a fine brownish-black powder ; wash the powder in a small 
flask, and redissolve it in nitrohydrochloric acid ; evaporate the Solution 
on the water-bath, and dissolve the residue in 30 parts of water. If the 
gold was alloyed with silver, the latter metal rotnains as chloride upon 
treating the alloy with nitrohydrochloric acid. In that case evaporate 
the Solution at once, and dissolve the residue in water for use. 

Uses. — Terchloride of gold has a great tendency to yield up its 
chlorine ; it therefore readily converts protochlorides into higher Chlo- 
rides, protoxides, with the co-operation of water, into higher oxides. 
These oxidations are usually indicated by the precipitation of pure 
metallic gold in the form of a brownish-black powder. In the course 
of analysis this reagent is used only for the oetection of protoxide of 
tan, in the Solutions of which it produces a brownish-red or purple color 
or precipitate. 

V. Colorinq Matters and Indifferent Veqetable 

SUBSTANCES. 

§75. 

1. Test Papers. 

a. Blue Litmus Paper. 

Preparation. — Digest 1 part oi litmus of commerce with 6 parts of 
water, and filter the Solution ; divide the intenselv blue filtrate into 2 
equal parts j saturate the free alkali in the one hatfby repeatedly stirring 
with a glass rod dipped in very dilute sulphuric acid, until the color of 
the fluid just appears red ; add now the other half of the blue filtrate, pour 
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the whole fluid into a dish, and draw slips of fine unsized paper through 
it ; suspend these slips over threads, and leave them to dry. The color 
of Htm us paper must be uniform, and neither too light nor too dark. 
The paper must be readily wetted by aqueous fluids. 

Uses. — The red coloring matters contained in litmus appear blue in 
the commercial article, in the aqueous extract of the same, and in the 
paper colored wit.h it, only from the presence of alkaline bases. If 
any one of the blue preparations comes in contact with free acid, the 
latter combines with the bases, and in consequence the proper color of 
the natural litmus appears. Litmus paper is therefore an excellent 
means for the detection of free acids. The power of weak volatile acids 
to bind the alkaline bases is but transient ; hence when they volatilize 
the blue color again appears. It must be borne in mind that the soluble 
neutral salts of most of the heavy metals also cause the blue color to 
change to red. 

ß. Reddened Litmus Paper. 

Preparation. — Stir blue Solution of litmus with a erlass rod dipped in 
dilute sulphuric acid, and repeat this process until the fluid has just 
turncd distinctly red. Dip slips of paper in the Solution, and dry them 
as in a. The dried slips must look distinctly red. 

Uses. — Alkalies and alkaline earths, and also the sulphides of their 
metals, alkaline carbonates, and the soluble salts of some other weak 
acids, especially of boracic acid, all present bases to the red coloring 
matters of litmus and occasion the formation of blue Compounds similar 
to those contained in blue litmus. Hence the reddened litmus is colored 
blue by the Solutions of these substonces, and it serves for their detec- 
tion in general. Ammonia does not color litmus paper permanently 
blue, so on its volatilization the natural red color of the litmus 
reappears. 

y. Georgina Paper (Dahlia Paper). 

Preparation. — Boil the violet-colored petals of Georgina purpurea 
(purple dahlia) in water, or digest them with spirit of wine, and dip slips 
of paper in the tincture obtained. The latter should be neither more 
nor less concentrated than is necessary to make the paper when dry 
again appear of a fine and light violet blue color. Should the color too 
much incline to red, this may be remedied by adding a very little 
ammonia to the tincture. 

Uses. — Georgina paper is reddened by acids, whilst alkalies impart a 
beautiful green tint to it. It is therefore an extremely convenient 
Substitute both for the blue and the reddened litmus paper. This 
reagent, f properly prepared, is a most delicate test both for acids and 
alkalies. Concentrated Solutions of caustic alkalies turn Georgina paper 
yellow by destroying the coloring matter. 

d. Türmeric Paper. 

Preparation. — Digest and heat 1 part of bruised turmeric root with 
6 parts of weak spirit of wine, filter the tincture obtained, and dip slips 
offine paper in tne filtrate. The dried slips must exhibit a fine yellow 
tint; they must be readily wetted by aqueous fluids. 
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Utes. — Turmeric paper serves the same as reddened litmus paper and 
dahlia paper for the detection of free alkalies, <fcc, as they cnange its 
Yellow color to brown. It is not so delicate as the other test papers ; 
out the change of color is highly characteristic, and is very distinctly 
perceptible with many colored fluids ; we therefore cannot well dispense 
with this paper. When testing with turmeric paper it is to be borne in 
mind that, besides the substances enumerated in ß, other bodies (boracic 
acid, for instance) possess the property of turning its yellow color to 
red, more especially on drying. It anords an excellent means for the 
detection of Doracic acid. 

All test papers are cut into slips, which are kept in small well- 
closed boxes, or in boxes covered with black paper, as continued action 
of light destroys the color. 



2. Solution of Indigo. 

Preparation. — Take from 4 to 6 parts of fuming sulphuric acid, add 
slowly and in small portions at a time 1 part of finely pulverized indigo, 
taking care to keep the mixture well stirred. The acid at first acouires 
a brownish tint from the coloring" matter mixed with the indigo olue, 
but it snbsequently turns deep blue. Elevation of temperature to onj 
considerable exten t must be avoided, as part of the indigo blue is 
thereby destroyed ; it is therefore advisable when dissolving large quan- 
tities of the suostance to place the vessel in cold water. When the whole 
of the indigo has been added to the acid, cover the vessel, let it stand 
forty-eight hours, then pour its contents into 20 times the quantity of 
water, mix, filter, and keep the filtrate for use. 

Uses. — Indigo is decomposed by boiling with nitric acid, yellow- 
colored oxidation products being formed. It serves therefore for the 
detection of nitric acid. Solution of indigo is also well adapted to effect 
the detention of chloric acid and of free chlorine. 



B. REAGENTS IN THE DRY WAY. 

I. Fluxes and Decomposing Agents. 

§76. 

1. Mixture of Carbonate of Soda and Carbonate of Potassa 

(NaO, CO t + KO, CO,). 

Preparation. — Digest 10 parts of purified bitartrate of potassa in 
powder with 10 parts of water and 1 part of hydrochloric acid for several 
hours on the water-bath, with frequent stirring ; put the mass into a 
funnel with a small filter in the point ; let it drain ; cover with a disk 
of rather difficultly permeable filtering paper with upturned edges, and 
wash by repeatedly pouring upon this small quantities of cold water ; 
continue this washing process until the fluid running off is no longer 
rendered turbid by Solution of nitrate of silver, after addition of nitric 
acid. Drjr the bitartrate of potassa freed in this manner from lime (and 
phosphonc acid). It is now necessary to prepare pur* n\\x«X& oi ^Xäs«»^ 
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To effect this, dissolve nitrate of potassa of commerce in half its weight 
of boiling water, filter the Solution into a porcelain or stoneware dish, 
using a hot funnel, and stir it well with a clean wooden or porcelain 
spatula until cold. Transfer the crystalline powder to a funnel loosely 
stopped with cotton wool, let it drain, press down tight, make even 
at the top, cover with a double disk of difficultly permeable filtering 
paper with upturned edges, and pour upon this at proper intervals 
small portions of water until the washings are no longer made turbid 
by Solution of nitrate of silver. Empty now the contents of the funnel 
into a porcelain dish, dry in this vessel, and reduce the mass to a fine 
powder. 

Mix now 2 parts of the pure bitartrate of potassa with 1 part of 
the pure nitrate of potassa ; project the perfectly dry mixture in small 
portions at a time into a clean-scoured cast-iron pot heated to gentle 
redness ; when the mixture has deflagrated heat strongly until a sample 
gives with water a perfectly colorless Solution. Triturate the charred 
mass with water, filter, wash slightly, and evaporate the filtrate in a 
porcelain, or, better still, in a silver dish, until the fluid is covered with 
a persistent pellicle. Let the mixture now cool, with constant stirring ; 
put the crystals of carbonate of potassa on a funnel, let them well drain, 
wash slightly, dry thoroughly in a silver or porcelain dish, and keep in 
a well-stoppered bottle. The mother liquor leaves upon evaporation a 
salt which, though containing traces of alumina and silicic acid, may 
still be turned to account for many purposes. 

Mix 18 parts of the pure carbonate of potassa, prepared in the manner 
just now described with 10 parts of pure anhydrous carbonate of soda, 
and keep the mixture in a well-stoppered bottle. The mixture of car- 
bonate of potassa and carbonate of soda may also be prepared by detia- 
grating 20 parts of pure bitartrate of potassa with 9 parts of pure 
nitrate of soda, treating with water, and evaporating the Solution to 
dryness. Or by igniting pure tartrate of potassa and soda, extracting 
the carbonaceous mass witn water, and evaporating the clear Solution 
to dryness. 

Tests. — The purity of the mixed salt is tested as directed § 46. To 
detect any trace of Cyanide of potassium that may happen to be present, 
add a little of a Solution of proto-sesquioxide of iron, then hydrochloric 
acid in excess, when the bluish-green coloration of the fluid and the 
formation of a blue precipitate after a time will indicate the presence of 
Cyanide of potassium. 

üses. — If silicic acid or a Silicate is fused with about 4 parts (con- 
sequently with an excess) of carbonate of potassa or soda, carbonic acid 
escapes with efFervescence, and a basic alkaline Silicate is formed, which, 
being soluble in water, may be readily separated from such metallic oxides 
as it may contain in admixture ; from this basic alkaline Silicate hydro- 
chloric acid separates the silicic acid as hydrate. If a fixed alkaline 
carbonate is fused together with sulphate of baryta, strontia, or lime, 
there are formed carbonates of the alkaline earths and sulphate of the 
alkali, in which new Compounds both the base and the acid of the 
originally insoluble salt may now be readily detected. However, we do 
not use either carbonate of potassa or carbonate of soda separately to 
effect the decomposition of the insoluble Silicates and sulphates ; but we 
apply for this purpose the above-described mixture of both, because this 
mixture requires a ftr lower degree of heat for fusion than either of ite 
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trwo components, and thus enables ns to conduct the Operation over a 
Berzelius lamp, or over a simple gas-lamp. The fusion with alkaline 
carbonates is mvariably effected in a platinum crucibie, provided no 
reducible metallic oxides be present. 

§ 77. 
2. Hydrate of Baryta (Ba 0, HO). 

Preparation. — The crystals of baryta prepared in the manner directed 
% 36 are heated gently in a silver or platinum dish, until the water of 
crystallization is completely expellea. The residuary white mass is 
piuverized, and kept for use in a well-closed bottle. 

Utes. — Hydrate of baryta fuses at a gentle red heat without losing 
its water. Üpon fusing Silicates which resist decomposition by acids 
together with about 4 times their weight of hydrate of baryta, basic 
Silicates are formed which acids will decompose. If, therefore, the fused 
mass is treated with water and hydrochloric acid, the Solution evaporated 
to dryness, and the residue digested with dilute hydrochloric acid, the 
rilicic acid is left behind, and the oxides are obtained in Solution in the 
form of chlorides. We use hydrate of baryta as a flux when we wish to 
test Silicates for alkalies.. This reagent is preferable as a tiux to the car- 
bonate or nitrate of baryta, since it does not require a very high teinpe- 
rature for its fusion, as is the case with the carbonate, nor does it cause 
any spirting in the fusing mass, arising from disengagement of gas, as 
is the case with the nitrate. The Operation of fusing with hydrate of 
baryta is conducted in silver or platinum crucibles. 

§ 78. 

3. Fluoride of Calcium (Ca F). 

Take fluor-spar as pure as can be procured and, more particularly, free 
from alkalies, reduce to fine powder, and keep this for use. 

Use*. — Fluoride of calcium applied in conjunction with sulphuric acid 
serves to effect the decomposition of Silicates insoluble in acids, and more 
especially to detect the alkalies which they contain. Compare Section 
III. Silicic aeid, § 150. 

§ 79. 

4. Nitrate of Soda (Na 0, NOJ. 

Preparation, — Neutralize pure nitric acid with pure carbonate of soda 
exactly, and evaporate to crystallization. Dry the crystals thoroughly, 
triturate, and keep the powder for use. 

Tests. — A Solution of nitrate of soda must not be made turbid by 
Solution of nitrate of silver or nitrate of baryta, nor precipitated by 
carbonate of soda. 

Uses. — Nitrate of soda serves as a very powerful ozidizin? agent,by 
yielding oxygen to combustible substances when heated with them. We 
use this reagent principally to convert several metallic sulphides, and 
more particularly the sulphides of tin, antimony, and arsenic, into oxides 
and acids; also to effect the rapid and conmleto comtaädoit ol to?p&!& 
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substances. For the latter purpose, however, nitrate of ammonia is 
sometimes preferable; it is prepared by saturating nitric acid with 
carbonate ot ammonia. 

§ 80. 
ö. Acid Sulphate of Potassa (K 0, H 0, 2 S O t ). 

Preparatian. — Mix 87 parte neutral sulphate of potassa (§ 42) with 
49 parts pure concentrated sulphuric acid in a platinum dish or large 
platinum crucible, heat to low redness tili the mass is in a State of calm 
Fusion, then pour out into a platinum dish placed in cold water, or onto 
a piece of porcelain, break the cake into smaller pieces and keep for use. 

Tests. — The acid sulphate of potassa must dissolve in water with ease 
to a clear fluid with a stroner acid reaction. The Solution must not be 
rendered turbid or precipitated by hydrosulphuric acid or by ammonia 
and sulphide of ammonium. 

Uses. — The acid sulphate of potassa at the temperature of fusion 
dissolves and decomposes many bodies, which cannot be dissolved and 
decomposed by acids in the wet way without considerable difficulty, such 
as ignited alumina, titanic acid, chrome ironstone. &c. This reagent, 
therefore, is of service in effecting the Solution or decomposition of such 
bodies. The fusion is preferably effected in platinum vessels. 

II. Blowpipe Reaoents. 

§ 81. 

1. Carbonate of Soda (Na 0, C t ). 

Preparation. — See § 46. 

Uses. — Carbonate of soda serves, in the first place, to promote the 
reduction of oxidized substances in the inner flame of the blowpipe. In 
fusing it brings the oxides into the most intimate contact with the char- 
coal support, and enables the flame to embrace everypartof thesubstance 
under examination. With salts of the heavy metals the reduction is 
preceded by Separation of the base. It co-operates in this process also 
chemically by the transposition of its constituents (according to R. 
Wagner, in consequence of the formation of Cyanide of sodium). 
Where the quantity operated upon was very minute, «the reduced metal 
is often found in the pores of the charcoal. In such cases the parts sur- 
rounding the cavity which contained the substance are dug out with a 
knife, and triturated in a small mortar ; the charcoal is then washed off 
from the metallic particles, which now become visible either in the form 
of powder or as small spangles, as the case may be. 

Carbonate of soda serves, in the second place, as a solvent. Platinum 
wire is the most convenient support for testing thesolubility of substances 
in fusing carbonate of soda. A few only of the bases dissolve in fusing 
carbonate of soda, but acids dissolve in it with facility. Carbonate of 
soda is also applied as a decomposin? agent and flux, and more particu- 
larly to effect the decomposition of tne insoluble sulphates, with which 
it exchanges acids, the newly-formed sulphate of soda being reduced at 
the samc time to sulphide of sodium; and to effect the decomposition of 
sulphide of arsenic, with which it forms a double sulphide of areenic and 
sodium, and arsenite or arsenate of soda, thus Converting it to a State 
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which permits its subsequent reduction by hydrogen. Carbonate of soda 
also is the most sensitive reagent in the dry way for the detection of 
manganese, as it produces when fused in the outer flame with a substance 
containing manganese a green opaque bead, owing to the formation of 
manganate of soda. 

§ 82. 
2. Cyanide of Potassiüm (K Cy). 

PreparaUon. — See § 54. 

Uses. — Cyanide of potassiüm is an exceedingly powerful reduding 
agent in the dry way ; indeed it excels in its action almost all other 
reagents of the same class, and separates the metals not only from most 
oxygen Compounds, but also from many sulphur Compounds. This 
reduction is attended in the former case with formation of cyanate of 
potasaa, by the absorption of oxygen, and in the latter case with forma- 
tion of sulphocyanide of potassiüm, by the taking up of sulphur. By 
means of this reagent we may effect the reduction of metals from their* 
Compounds with the greatest possible facility ; thus we may, for instance, 
produce metallic antimony from antimonious acid or from sulphide of 
antimony, metallic iron from sesquioxide of iron, &c. The readiness 
with which Cyanide of potassiüm enters into fusion facilitates the reduc- 
tion of the metals greatly ; the process may usually be conducted even 
in a porcelain crucible over a spirit or gas-lamp. Cyanide of potassiüm is 
a most valuable and important agent to effect the reduction of binoxide 
of tin, antimonic acid, and more particularly of tersulphide of arsenic. 
Cyanide of potassiüm is equally important as a blowpipe reagent. Its 
action is exceedingly energetic ; substances like binoxide of tin, the 
reduction of which by means of carbonate of soda requires a tolerably 
strong flnme, are reduced by Cyanide of potassiüm with the greatest 
facility. In blowpipe experiments we invariably use a mixture of equal 
parts of carbonate of soda and Cyanide of potassiüm ; the admixture of 
carbonate of soda isintended here to check in some measure the excessive 
fusibility of the Cyanide of potassiüm. This mixture of Cyanide of 
potassiüm with carbonate of soda, besides being a far more powerful 
reducing agent than the simple carbonate of soda, has moreover this 
great ad van tage over the latter, that it is absorbed by the pores of the 
charcoal with extreme facility, and thus permits the production of the 
metallic globules in a State of the greatest purity. 

§ 83. 

3. BlBORATE OF SODA. BOTOX. 

(Na 0, 2 B 0„ crystallized + 10 aq.). 

The purity of commercial borax may be tested by adding to its Solu- 
tion carbonate of soda, or, after previous addition of nitric acid, Solution 
of nitrate of baryta or of nitrate of silver. The borax may be consi- 
dered pure if these reagents fail to produce any alteration in the Solu- 
tion ; out if either of them causes the formation of a precipitate, or 
renders the fluid turbid, recrystallization is necessarv. The pure crys- 
tallized borax i* exposed to a gentle heat, in a platinum crucible, until 
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it ceases to swell ; it is then left to cool, and afterwards pulverized and 
kept for use. 

Uses. — Boracic acid manifeste a great affinity for oxides when brought 
into contact with thezn.in a State of fusion. This affinity enables it, in 
the first place, to combine directly with oxides ; secondly, to expel 
weaker acids from their salts ; and, thirdly, to predispose metals, sul- 
phides, and haloid Compounds to oxidize in the outer name of the blow- 
pipe, that it may combine with the oxides. Most of the thus produced 
Dorates fuse readily, even without the aid of a flux, but far more so in 
conjunction with borate of soda ; the latter salt acts in this Operation 
eitber as a mere flux, or by the formation of double salts. Now in the 
biborate of soda we have both free boracic acid and borate of soda ; the 
union of these two substances renders it one of our most important 
blowpipe reagents. In the process of Aising with borax we usually 
select platinum wire for a support ; the loop of the wire is moistened or 
heated to redness, then dipped into the powder, and exposed to the outer 
flame ; a colorless bead of fused borax is thus produced. A small por- 
tion of the substance is then attached to the bead, by bringing the latter 
into contact with it whilst still hot or having previously moistened it. 
The bead with the substance adhering to it is now exposed to the gas 
or blowpipe flame, and the reactdons are observed. The following points 
ought to oe more particularly watched : — (1) Whether or not the sub- 
stance dissolvesto a transparent bead, and whether or not the bead 
retains its transparency on cooling ; (2) whether the bead exhibits a 
distinct color, wnich in many cases at once clearly indicates the indi- 
vidual metal wbich the substance contains j as is the case. for instance, 
with cobolt ; and (3) whether the bead manifests the same or a different 
deportment in the outer and in the inner flame. Reactions of the 
latter kind arise from the ensuing reduction of higher to lower oxides, 
or even to the metallic State, and are for some substances particularly 
characteristic. 

§ 84. 
4. Phosphate of Soda and Ammonia. Microcosmio Salt. 
(Na 0, N H 4 0, H 0, P 0„ crystallina + 8 aq.). 

Preparation. — a. Heat to boiling 6 parte of phosphate of soda and 1 
part of pure chloride of ammonium with 2 parts of water, and let the 
Solution cool. Free the crystals produced of the double phosphate of 
soda and ammonia from the chloride of sodium wbich adheres to tbem 
by recrystallization, with addition of some Solution of ammonia. Dry 
the purified crystals, pulverize, and keep for use. 

b. Take 2 equal parts of pure tribasic phosphoric acid, and add Solu- 
tion of soda to the one, Solution of ammonia to the other, until both 
fluids have a distinct alkaline reaction ; mix the two together, and let 
the mixture crystallize. 

Tests. — Phosphate of soda and ammonia dissolves in water to a fluid 
with feebly alkaline reaction. The yellow precipitate produced in this 
fluid by nitrate of silver must completely dissolve in nitric acid. Upon 
fusion on a platinum wire, microcosmic salt must give a clear and color- 
less bead. 

Zfoes.—On heating phosphate of soda and ammonia the ammonia 
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escapes with the water of crystallization, leaving acid pyrophosphate of 
ßoda (NaO, H 0, P O.) ; upon heating more strongly the last equiva- 
lent of water escapes likewise, and readily fusible metaphosphate oi soda 
j(Na 0, P 0,) is left behind. The action of microcosmic salt is quite 
analogt>us to that of biborate of soda. We prefer it, however, in some 
cases to borax as a solvent or flux, the beads which it forms with many 
substances being more beautifully and distinctly colored than those of 
borax. Platin um wire is also used for a support in the process of flux- 
ing with microcosmic salt ; the loop must oe made small and narrow, 
otherwise the bead will not adhere to it. The Operation is conducted 
as directed in the preceding paragraph. 

§ 85. 

5. Nitrate op Protoxide of Cobalt (CoO, NO ä , crystallized + 

5 aq.). 

Preparatwn. — Fuse in a Hessian crucible 3 parts of acid snlphate of 
potassa, and add to the fused mass, in small portions at a time, 1 part 
of well-roasted cobalt ore (the purest zaffre you can procure) reduced to 
fine powder. The mass thickens, and acquires a pasty consistence. 
Heat now more strongly until it has become more fluid again, and con- 
tiniie to apply heat until the excess of sulphuric acid is completely ex- 
pelled, and the mass accordingly no longer emits white fumes. Reraove 
the fused mass now from the crucible with an iron spoon or spatula, let 
it cool, and reduce it to powder ; boil this with water until the undis- 
solved portion presents a soft mass ; then filter the rose-red Solution, 
which is free from arsenic and nickel, and mostly also from iron. Add 
to the filtrate a small quantity of carbonate of soda, so as to throw down 
a little carbonate of protoxide of cobalt, boil, and Alter. Precipitate 
the Solution, which is now free from iron, boiling with carbonate of 
soda, wash the precipitate well, and treat it still moist with oxalic acid 
in excess. Wash the rose-red Oxalate of protoxide of cobalt thoroughly, 
dry, and heat to redness in a glass tnhe, in a current of hydrogen gas. 
This decomposes the Oxalate into carbonic acid, which escapes, and 
metallic cobalt, which is left behind. Wash the metal, first with water 
containing acetic acid, then with pure water, dissolve in dilute nitric 
acid, treat — if necessary — with hydrosulphuric acid, filter the fluid from 
the sulphide of copper, &c, which may precipitate, evaporate the Solu- 
tion in the water-bath to dryness, and dissolve 1 part of the residue 
in 10 parts of water for use. 

Tests. — Solution of nitrate of protoxide of cobalt must be free from 
other metals, and especially also from salts of the alkalies ; when preci- 
pitated with sulphide of ammonium, and filtered, the filtrate must upon 
eraporation on platinum leave no fixed residue. 

JJses. — Protoxide of cobalt forms upon ignition with certain infusible 
bodies (oxide of zinc, alumina) peculiarly colored Compounds, and may 
accordingly serve for their detection. 
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SECTION III. 

REACTIONS, OR DEPORTMENT OF BODIES WITH REAGENTS. 

§ 86. 

I stated in my introductory remarks that the Operations and expe- 
riments of qualitative analysis have for their object the conversion of 
the unknown constituents of any given Compound into forms of which 
we know the deportment, relations, and properties, and which will 
accordingly permit us to draw correct inferences regarding' the several 
constituents of which the analysed Compound consists. The greater or 
less value of such analytical experiments, like that of all other inquiries 
and investigations, depends upon the greater or less degree of certainty 
with which they lead to defimte results, no matter whether of a positive 
or negative nature. But as a question does not render us any the 
wiser if we do not know the language in which the answer is returned, 
so in like manner will analytical investigations prove unavailing if we 
do not understand the mode of expression in which the desirea infor- 
mation is conveyed to us ; in other words, if we do not know how to 
interpret the phenomena produced by the action of our reagents upon 
the substance examined. 

Before we can therefore proceed to enter upon the practical inves- 
tigation of analytical chemistry, it is indispensable that we should reaily 
possess the most perfect knowledge of tue deportment, relations, and 
properties of the new forms into which we intend to convert the sub- 
stances we wish to analyse. Novv this perfect knowledge consists, in 
the first place, in a clear conception and comprehension of the condi- 
tio ds necessary for the formation of the new Compounds, and the mani- 
festation of the various reactions ; and in the second place, in a distinct 
impression of the color, form, and physical properties which charac- 
terize the new Compound. This section of the work demands therefore 
not only the most careful and attentive study, but requires moreover 
that the Student should examine and verify by actual experiment every 
fact asserted in it. 

The inethod usually adopted in elementary works on chemistry is to 
treat of the various substances and their deportment with reagents in- 
dividually and separately, and to point out their characteristic reactions. 
I have, however, in the present work deemed it more judicious and 
better adapted to its elementary character, to arrange those substances 
which are in many respects analogous into groups, and thus, by com- 
paring their analogies with their differences, to place the latter in the 
clearest possible light. 

A. — Deportment of the Metallic Oxides and 

OF THEIR RADICALS. 

§ 87. 

Before proceedinsr to the special study of the several metallic oxides, 
I give here a general view of the whole of them classified in groups — 
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showing which oxides belong to each group. The grounds upon which 
the Classification has been arranged will appear from the special consi- 
deration of the several groups. 

First group — 

Potassa % soda, amnwnia (oxide of caesium, oxide of rubidium, lithia). 

Second group— 

Baryta, strontia, Urne, magnesia. 

Third group— 

Aluntina, sesquioxide of chromium (berylla, thoria, zirconia, yttria, 
oxide of erbium, oxides of cerium, lanthaniuin, didymium, titanium, 
tantalium, niobium). 

Fourth group— 

Oxides of zinc, manganese, nicket, cobalt, iron (of uranium ; thallium, 
indium, vanadium). 

Fifth group — 

Oxides of silver, mereury, lead 7 bismuth, copper, cadmium (of palladium, 
rhodium, osmium, ruthenium). 

Sixth group — 

Oxides and acids of gold, platinum, tin, antimony, arscnic (of iridium, 
molybdenum, tellurium, tungsten, selenium). 

Of these metallic oxides only those printed in italics are found dis- 
tributed extensively and in large quantities in that portion of the earth's 
crust which is accessible to our investigations ; these are therefore most 
important to chemistry, arts and manufactures, agriculture, pharmacy, 
<ic. 9 and we shall therefore dwell upon them at greater length. The 
remamder are more briefly considered in paragrapns printed in smaller 
type, which may be passed over by the younger class of students of 
analytical chemistry. The properties and reactions of the metals them- 
»elves I have given only in the case of those that are more frequently 
met with in the metallic State in analytical Operations. 
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FIRST GROUP. 

More common oxides : — Potassa, Soda, Ammonia. 

Rarer oxides: — Oxide of Cäsium, Oxide op Rubidium, 
Lithia. 

Properties of the group. — The alkalies are readily soluble in water, as 
well in the pure or caustic State as in the form of sulphides, carbonates, 
and phosphates. (The salts of lithia, however, dissolve with difficulty.) 
Accordingly the alkalies do not precipitate one another in the pure State, 
sor as carbonates or phosphates (which in the case of lithia, however, 
presupposes a higher degree of dilution of the Solutions), nor are they 
precipitated by hydrosu&huric acid under any condition whatever. The 
Solutions of the pure alkalies as well as of their sulphides and carbonates 
restore the blue color of reddened litmus-paper, and impart an intensely 
brown tint to turmeric paper. 
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Special Reactions of the more common Oxides of tkejirst group. 

§89. 
a. Potassa (K 0). 

1. Potassa and its hydrate and salts are not volatile at a faint 
red-heat. Potassa and its hydrate deliquesce in the air; the oily 
liquids formed absorb carbonic acid rapidly from the air, but without 
solidifying". 

2. Nearly the whole of the salts of potassa are soluble in water. 
Those with colorless acids are colorless. The neutral salts of potassa 
with strong* acids do not alter vegetable colors. Carbonate of potassa 
crystallizes (in combination with Ö equivalents of water} with dimculty, 
and deliquesces in the air. Sulphate of potassa is anhydrous and suffers 
no a Iteration in the air. 

3. Bichloride qfplatinum produces in the neutral and acid Solutions a 
yellow crystalline heavy precipitate of bichloride of platinum and 
Chloride of potassium (potassio-bichloride of platinum) (K Cl, Pt Cl s ). 
In concentrated Solutions this precipitate separates immediately lipon 
the addition of the reagent : in dilute Solutions it forms only after some 
time, often after a considerablc time. Very dilute Solutions are not pre- 
cipitated by the reagent. The precipitate consists of octahedrons dis- 
cernible under the microscope. Alkaline Solutions must be acidified 
with hydrochloric acid before the bichloride of platinum is added. The 
precipitate is difficultly soluble in water ; the presence of free acids does 
notjrreatly increase its solubility; it isinsoluble in alcohol. Bichloride 
of platinum is therefore a particularly delicate test for salts of potassa 
dissolved in spirit of wine. The best method of applying this reagent 
is to evaporate the aqueous Solution of the potassa salt with bichloride 
of platinum nearly to dryness on the water-bath, and to pour a little 
water over the residue (or, better still, some spirit of wine, provided no 
eubstanees insoluble in that menstruum be present), when the potassio- 
bichloride of platinum will be left undissolved. Caremust be taken not 
to confound this double salt with ammonio- bichloride of platinum, which 
greatly resembles it (see § 91, 4). 

4. Tartaric acid produces in neutral or alkaline* Solutions — a white, 
quickly subsiding, granulär crystalline precipitate of acid tartrate 
of potassa (K 0, H 0, C,!!/)^). In concentrated solutions this pre- 
cipitate separates immediately ; in dilute solutions often only after the 
lapse of a considerable time. Vigorous shaking or stirring of the fluid 
greatlv promotes its formation. Very dilute solutions are not precipi- 
tated by this reagent. Free alkalies and free mineral acids dissolve the 
precipitate ; it is sparingly soluble in cold, but pretty readily soluble in 
bot water. In acid solutions the free acid must, if practicaole, first be 
expelled by evaporation and ignition, or the Solution must be neutralized 
with soda or carbonate of soda. 

Acid tartrate of soda answers still better as a test for potassa than free 
tartaric acid. The reaction is the same in kind, but dhferent in degree, 
being much more delicate with the salt than with the free acid, since 
where the former is used the soda salt of the acid combined with the 

* To alkaline solutions the reagent must be added until the fluid shows a itroDgly 
Arid reaclioD. 
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potassa is formed, whereas where free tartaric acid is the test applied 
the h ydrate of the acid conibined with the potassa is formed, which tends 
to increase the dissolving action of the water present upon the acid tar- 
trate of potassa, and thus to check the Separation of the latter (K 0, N O t 
+ 2N~a 0, H 0, C.H 4 = K H 0, C 8 II 4 O 10 + Na 0, N OJ. 

5. If a potassa salt which is volatile at an intense red heat is held 
on the loop of a fine platinum wire in the fusing zone of the Bimsen 
gas-lamp (p. 23), the salt volatilizes, and im parte a blue violet tint 
to the part of the flame above the sample. Chloride of potassium and 
nitrate of potassa volatilize rapidly, the carbonate and sulphate less 
rapidlj, and the phosphate still more slowly ; but they all of them dis- 
tinctly show the reaction, though decreasing in degree. If it is wished 
to obtain a more uniform manifestation of the reaction, i.e. a manifesta- 
tion independent of the nature of the acid that may chance to be com- 
bined with the potassa, the sample need simply be moistened with sul- 
phuric acid, dried at the border of the flame, and then introduced into 
the fusing zone. With Silicates, and other Compounds of potassa of 
diflicult volatility, the reaction may be ensured uy fusing tue sample 
first with pure gypsum, as this serves to form Silicate of liine and sul- 
phate of potassa, which latter salt then readily colors the flame. Decre- 
pitatinjr salts are ignited in a platinum spoon bcfore they are attached 
to the loop. The sample of tue potassa salt may also be held betöre the 
apex of the inner blowpipeßame produced with a spirit-lamp. Presence 
of a salt of soda completely obscures the potassa coloration of the flame. 
The spectrum of the potassa flame produced by the spectroscope 
(p. 28, or p. 29) is shown on Table I. 1t contains two characteristic 
hnes, the red line a and the indigo blue line ß. If the potassa flame is 
observed through the indigo prism (p. 27) the coloration appears sky- 
blue, violet, and at last intensely crimson, even through the thickest 
layers of the Solution. Admixtures of lime, soda, and lithia Compounds 
do not alter this reaction, as the yellow rays cannot ]x?netrate the indigo 
Solution, and the rays of the lithia flame also are only able to pass 
through the thinner layers of that Solution, but not through the thicker 
layers ; the exact spot where the penetrating power of the rays of the 
lithia flame ceases has to be marked by the Operator on bis indigo 
prism. But organic substances which impart luminosity to the flame 
might lead to mistakes, and must therefore, if present, first be removed 
bv combustion. Instead of the indigo prism a blue glass may be used ; 
if lithia is present the glass must be sumciently thick to keep out the red 
lithia rays. 

6. Ii a salt of potassa (chloride of potassium answers best) is heated 
with a small quantity of water, alcohol (burning with colorless flame) 
added, heated, and then kindled, the flame appears violet. The pre- 
sence of soda obscures this reaction, which is altogether much less 
delicate than the one described in 5. 



§ 90. 

b. Soda (Na 0). 

1. Soda and its h ydrate and salt» present in general the same 
properties and reactions as potassa and its corresponAm^ com^\rc^&. 
The oüjüuid which soda forma by deliquescing in tkfcjaiT x^vX\^Äft.^ 

o2 
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speedily by absorption of carbonic acid. Carbonate of soda crystallizes 
readily ; the crystals (Na 0, C 0, + 10 aq.) effloresce rapidly when 
exposed to the air. The same applies to the crystals of sulphate of 
soda(NaO, SO s + 10aq.) 

2. If a sufficiently concentrated Solution of a soda salt with neutral 
or alkaline reaction is mixed, for gTeater convenience, in a watch-glass, 
with a Solution of granulär antimtmate of potassa prepared according to 
the directions of § 51, the mixture remains clear at first, or appears 
only slig-htly turbid ; but upon rubbing the part of the glass wetted by 
the fluid with a glass rod. a crystalline precipitate of antimonate of 
soda (NaO, SbO Ä +7aq.) speedily separates, which makes its appear- 
ance first along the lines ruubed with the rod, and subsides frorn the 
fluid as a heavy sandy precipitate. From dilute Solutions of soda salts 
the precipitate separates only after some time, occasionally as much as 
twelve hours. From very dilute Solutions it does not separate at all. 
The precipitated antimonate of soda is invaridbly crystalline. Where it 
has separated slowly it occasionally consists of well-formed microscopic 
cubic octahedrons, but more frequently of four-sided columns tapering 
pyramid fashion ; where it has separated promptly, it appears m the 
form of small boat-shaped crystals. Presence of large quantities of 
salts of potassa interferes very considerably with the reaction. Acid 
Solutions cannot be tested with antimonate of potassa, as free acids 
will separate from the latter substance hydrated antimonic acid or acid 
antimonate of potassa. It is indispensable therefore, before adding the 
reagent, to remove, if possible, the free acid by evaporation or ignition, 
or where this is not practicable, by neutralizing the acid Solution with a 
little carbonate of potassa until the reaction is feebly alkaline. It should 
also be borne in miud tliat only such Solutions can be tested with anti- 
monate of potassa which contnin no other bases besides soda and potassa. 

8. If salts of soda are held in the fusing zone of the Bunsen gas- 
lamp or in the inner spirit blowpipe flame, they show, with regard to 
their relative volatility and the action of decomposing agents upon them, 
a similar deportment to the salts of potassa ; the soda salts are, how- 
ever, a little less volatile than the corresponding potassa salts. But the 
most characteristic sign of the presence of soda salts is the intense 
yellow co Lokation which they impart to the flame. This reaction 
will effect the detection of even the minutest quantities of soda, and is 
not obscured even by the presence of large quantities of potassa. 

The spectrum (Table I.) shows only a Single yellow line a in an 
ordinary spectroscope % but with a very powerful apparatus two lines will 
be visible distinctly, although they are exceedingly close to each other. 
The reaction is so delicate that the chloride of sodium contained in 
atmospheric dust generally sumces to give a soda spectrum, although a 
faint one. 

It is characteristic of the soda flame that a crystal of bichromate of 
potassa appears colorless in its light, and that a slip of paper coated 
with iodide of mercury appears white with a faint shade of yellow 
(Bunsen); also that it loofcs orange yellow when observed through a 
green glass (Merz). These reaction s are not obscured by presence of 
salts of potassa, lithia, and lirae. 

4. It salts of soda (chloride of sodium answers best) are treated as 

stated p. 88, 6, the olcohol flame is colored intensely yellow. The 

presence ofa potassa salt does not impa\r Üie^ disünctness of this reaction. 
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5. Bichloride of platinum produces no precipitate in neutral or acid 
Solutions of soda salts. Sodio-bichloride of platinum dissolves readily 
both in water and in spirit or wine ; it crystallizes in rosy prisms. 

6. Tartarie acid and acid tartrate of soda fail to precipitate even con- 
centrated neutral Solutions of soda salts. 



$91. 
e. Ammonia (N H 4 0). 

1. Anhydrous ammonia (N H g ) is gaseous at the common tempera- 
ture ; but we have most frequently to deal with it in its aqueous Solution, 
in which it betrays its presence at once by its penetrating odor. It is 
expelled from this Solution by the application of neat. It may be assumed 
that the Solution contains it as oxide of ammonium (N H 4 0) (see § 35). 

2. All the salts of ammonia are volatile at a low heat, either with 
or without decomposition. Most of them are readily soluble in water. 
The Solutions are colorless. The neutral Compounds of ammonia with 
strong acids do not alter vegetable colors. 

3. If salts of ammonia are triturated together with hydrate of lime y 
best with the addition of a few drops of water, or are, either in the solid 
State or in Solution, heated with Solution ofpotassa or otsoda, the ammonia 
is liberated in the gaseous State, and betrays its presence — 1, by its 
characteristic odor ; 2, by its reaction on moistened test-papers ; and 
3, by giving rise to the formation of white pumes when any object 
(e.g. a glass rod) moistened with hydrochloric acid, nitric acid, acetic 
acid, or any of the volatile acids, is brought in contact with it. These 
fumes arise from the formation of solid ammoniacul salts produced by 
the contact of the gases in the air. Hydrochloric acid is the most 
delicate test in this respect ; acetic acid, however, admits less readily 
of a mistake. If the expulsion of the ammonia is effected in a small 
beaker, best with hydrate of lime, with addition of a very little water, 
and the beaker is covered with a watch-glass having aslip of moistened 
turmeric or reddened litmus paper attached to the centre of the convex 
side, the reaction will show the presence of even very minute quantities 
of ammonia ; only it is not immediate in such cases, but requires some 
time for its manifestation. It is promoted and accelerated by application 
of a gentle heat. 

4. Bichloride of platinum shows the same deportment with salts of 
ammonia as with salts ofpotassa; theyellow precipitate of bichloride 

OF PLATINUM AND CHLORIDE OF AMMONIUM (N H .Cl,Pt Cl,) COnsist8, 

like the corresponding potassium Compound, of octahedrons disceruible 
ander the microscope. 

ö. Tartarie acid throws down after some time from most highly 
concentrated Solutions with neutral reaction purt of the ammonia as 
acid tartrate of ammonia (N H 4 0,H 0,0,1^0 10 ). Less concentrated 
Solutions are not preeipitated. Äcid tartrate ofsoda preeipitates concen- 
trated Solutions more completely, and produces a precipitate even in 
more dilute Solutions. The precipitate is white and crystalline. Its 
Separation may be promoted by shaking the glass, or rubbing it inside 
with a glass rod. by solvent» it is acted upon like the corresponding 
potassa salt, only that it is a little more readily soluble in water and 
in acids. 
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§92. 

Becapitulation and remarks. — The salts *of potassa and soda are not 
volatile at a moderate red heat, whilst the salts of ammonia volatilize 
readily ; the latter may therefore he easily separated from the former by 
ignition. The expulsion of ammonia from its Compounds by hydrate of 
lime affords the surest means of ascertaining the presence of this sub- 
stance. Salts of potassa can be detected in the wet wav only after the 
removal of the ammoniacal salts which may be present, since both 
classes of salts manifest the same or a similar deportment with bichloride 
of platinum and tartaric acid. After the removal of the ammonia the 
potassa is clearly and positively characterized by either of these two 
reagents. Let it be borne in mind always that the reactions will only 
show in concentrated fluids, and that dilute Solutions must therefore first 
be concentrated. A single drop of a concentrated Solution will give a 

Sositive result, which cannot be obtained with a large quantity of a 
ilute fluid. The most simple way of detecting the potassa in tfie two 
sparingly soluble Compounds that have come under our consideration 
liere — viz., the potassio-bichloride of platinum and the acid tartrate of 
potassa — is to decompose these salts by gentle ignition ; the former 
thereupon yields the potassa in the form of chloride of potassium, the 
latter m the form of carbonate of potassa. For the direct detection of 
potassium in iodide of potassium tartaric acid is better suited than bichlo- 
ride of platinum, since where the latter reagent is used the Separation 
of the platino-chloride of potassium is interfered with in consequonce of 
the formation of a dark red fluid containing biniodide and iodide of 
platinum and free iodine. As regards soda, tnis alkali may be detected 
with positive certainty in the wet way by antimonate of potassa, pro- 
vided the reapent be properly prepared and freshly dissolved, and the 
soda salt Solution be concentrated, neutral, or feebiy alkaline, and free 
i'rom other bascs, and that it be borne in mind that antimonate of soda 
invariably separates in the crystalline form, and never in a flocculent 
State. To detect in this way very minute quantities of soda in presence 
of a large proportion of potassa, precipitate the latter alkali first with 
bichloride of platinum, Alter, remove the platinum from the filtrate by 
liydrosulphuric acid (§ 127), Alter, evaporate the Altrate to dryuess, 
ignite gently, dissolve the residue in a very little water, and then test 
the Solution Anally with antimonate of potassa. 

Pocassa and soda may be detected much more readily and speedily 
than in the wet way, and also with far greater delicacy, by the flame colo- 
ration. We have seen, indeed, that the soda coloration completely 
obscures the potassa coloration, even though the potassa salt contains 
only a trifling admixture of soda salt. But with the aid of the spectrum 
apparatus the spectra of the two are obtained so distinct and beautiful 
that a mistake is altogether impossible. And even without a spectrum 
apparatus the potassa coloration can alwavs be distinctly recognised 
through the indigo prism, or through a blue glass, even in a flame 
colored strongly yellow by soda 5 and the soda coloration again may be 
placed beyond doubt, if necessary, with the aid of iodide of mercury 
paper, or green glass, in the manner already described. 

The following methods serve for the detection of ammonia in exceed- 
ingly minute quantities, as for instance in natural waters ; they depend 
vpon the Separation of certain mercury Compounds which are insoluble 
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in water, and which contain the nitrogen, or the nitrogen and part of 
tbe faydrogen of the ammonia. 

a. If water containing a trace of ammonia or carbonate of ammonia 
is mixed with, a few drops of Solution of chloride of mercury, a white 
precipitate is formed, even in very dilute Solution ; the precipitate 
consists of N H f Hg f Cl, and may be considered as a double amide and 
chloride of mercury, or as chloride of dimercurammonium : 2 N H s + 
2 Hg Cl = N H f Hg a Cl + N H 4 C1. If the Solution is extraordinarily dilute 
no turbidity occurs, butontheadditionofafew drops of Solution of car- 
bonate of potassa or carbonate of soda, the fluid will become turbid 
or opalescent after a few minutes. This reaction takes place when water 
containing a trace of a neutral salt of ammonia is mixed with afew drops 
-of Solution of chloride of mercury and a few drops of Solution of carbonate 
of potassa or carbonate of soda. The precipitate which separates on the 
addition of carbonate of soda consists of one equivalent of the previously 
mentioned precipitate with two equivalents of oxide of mercury : 
N H,-»-4HgCU3KO,CO f = (NH,Hg 2 CU2HgO) + HO + 3KCl + 
•3 C O,. Too much chloride of mercury and carbonate of soda must not 
be added, otherwise a yellow precipitate of oxychloride of mercury would 
be formed. (Bohlig, Schöyen.) 

b. Upon adding to a Solution of iodide of mercury and potassium 
containing potassa* a little of a fluid containing ammonia, or an 
ammonia salt, a reddisb-brown precipitate is formed if the ammonia 
is present in some quantity; but there is, at any rate, always a 
yellow colorarion produced, even if only most minvte traces of ammonia 
are present. The precipitate consists of tetramercurammonium iodide 
(NHgJ,2H0):4(HgI,KI) + 3K0 + N H S =(N Hg 4 I + 2H0) + 
7 K I + H 0, Application of heat promotes the Separation of the pre- 
cipitate. Presence of chlorides of the alkali inetals, or of salts of the 
alkalies with oxygen acid, does not interfere with the reaction ; but 
presence of Cyanide of potassium, and of sulphide of potassium, will 
prevent it (J. Nessler). 

§93. 

Special Reaction* of the rarer Oxides of theßrst group. 

1. Oxids or Cäsium (Cs O), and 2. Oxide of Rubidium (Rb O). 

The caesium and rubidium Compounds are, it would appear, found pretty widely 
dimeminaied in nature, but in very minute quantities only. They have hitherto been 
found chicfly in tbe mother liquors of niineral waters. and in a few minerala (lepidolite, 
nielaphyr, <r*rnallite). Caesium bas heen found in considerable quantities in pollux, 
s>nd trace« of rubidium have been found in the ashes of plants. The cawiuiu and 
rubidium Compound« bear in general great reserablance to the potassium Compounds, 
more particularly in this, that their concentrated aqueous Solutions are precipitateJ by 
tariaric acid and by bi chloride of platinum, and aluo that those of them that are 
▼olttile at a red heat tinge the flame violet. The most notable characteristic dinV 
rencea, on tbe other band, are that the precipitate« produced by bichloride of platiuum 
are far more ins»luble in waUr than the potassio-bichloride of platinum ; 100 grm. 
water will, at 10° dissolve 900 mgrm. potassio-bichloride of platinum, but only 154 
mgrm. of the rnbidio-bichloride of platinum, and as little as 50 mgrm. of the caesio- 



* Prepared as follows. Dissolve 2 grm. iodide of potassium in 5 c.c. water, 
heat the Solution, and add iodide of mercury tili the last portion remains undissolved. 
Let the mixture cool, then dilute with 20 c.c. water. Let the fluid stand some titne, 
hlwr, and mix 20 ex. of the filtrate with 30 c.c. of a concentrated Solution of potaar». 
feüould tbe fluid turn turbid, älter it once more« 
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bicMoride of platinum. Again, the alums show great diflerences as regard* tbe»r 
solubility in cold water ; thus 100 parte of water at l7°dissolve 13*5 parte of potaasiuiu 
alum, 2*27 parte of rubidium alum, and '619 parte of ciesium alum. Bot above all, 
the flames colored by cesiura and rubidium Compounds gives rptclra quite different from 
the potassiura ■pectrum (see Table I.)- The caBsium spectrum is especially characterixed 
by the two blue lines a and ß t whioh are remarkable for their wonderful intenaity and 
sharp outline ; also by the line y f which, however, is less strongly marked. Amongst 
the lines in the rubidium spectruni, the splendid indigo-blue Hnes marked o and ß Striae 
the eye by their extreme brilliancy. Less brilliant, but still very characteristic, are the 
lines 8 and y. To detect both alkalies in presence of each other by the spectroscope, 
the Chlorides should be taken and not the carbonates, since with the latter aalte the 
rubidium spectrum is not alwayB distinct in the presence of the csäsium spectrum 
(Allen, Heintz). Lastly, we have still to mention tbat carbonate of oxide of cseaium 
is soluble in absolute alcohol, whilst carbonate of oxide of rubidium is insoluble in that 
menstruum. Stil), a Separation of the two oxides is effected only with difficulty by this 
means, as they seera to form a double salt which is not absolutely insoluble in alcohol. 
It is more easy to separate them when they are in the form of acid tartrates ; the acid 
tartrate of rubidium dissolves in 8*5 parte of boiling water, and 84*57 parte of water at 
25°, while the corresponding salt of ceesium dissolves in 1*02 parte of boiling water, and 
10*32 parte of water at 25° (Allen). (The acid tartrate of potassa requires 15 parte 
of boiling water, and 89 parte of water at 25°.) 

8. Lithia (LiO). 

Litbia is also found pretty widely disseminated in nature, bnt in minute quantities 
only. It is often met with in the analysis of mineral waters and ashes of plante, less 
frequently in the analysis of minerals, and only rarely in that of technical and pbar- 
maceutical producte. Lithia forms the transition froni the first to the second group. 
It dissolves with difficulty in water ; it does not attract moisture from the air. 
Most of ite aalte are soluble in water ; some of them are deliquescent (chloride of 
lithium). Carbonate of lithia is difficulüy soluble, particularly in cold water. Phos- 
phate of soda produces in not over-dilute Solutions of salte of lithia upon boiling, 
a white crystallina precipitate of tribasic phosphate of lithia (3 Li O, P 0,+aq.) 
which quickly subsides to the bottom of the precipitating vessel. This reaction, which 
is characteristic of litbia, is rendered much more delicate by adding with the phosphate 
of soda a little Solution of soda, just sufficient to leave the reaction alkaline, evapo- 
rating tbe mixture to dryneas, treating the residue with water, and adding an equal 
volume of liquid ammonia. By this course of proceeding, even very minute quantities 
of lithia will be separated as 3 Li O, P § +aq. The precipitate fuses before the blow- 
pipe, and gives upon fusion with carbonate of soda a clear bead ; when fused upon char- 
coal it iß abüorbed by the pores of the latter body. It dissolves in bydrochloric acid to 
a fluid which, when diluted and supersaturated with ammonia, remains clear in the 
cold, but upon boiling gives a heavy crystalline precipitate of 3 Li 0, P 5 +aq. (Reac- 
tion s by which the phosphate of lithia differe from the phosphates of the alkaline eartl.s.) 
Tartaric acid and bichloride of platinum fail to precipitate even concentrated Solutions 
of salte of lithia. If salts of lithia are exposed to the gas or blowpipe flame, in the 
manner described § 89, 5, they tinge the flames carmine-red. Silicates containibg 
lithia detnand addition of gypsum to produce this reaction. Phosphate of lithia will 
tinge the flame carmine-red if the fused bead is moiatened with bydrochloric acid. The 
soda coloration conceals the lithia coloration ; in presence of soda, therefore, the lithia 
tint must be viewed through a blue glase, or through a thin layer of indigo Solution. 
Presence of a 8 mall proportion of potassa will not conceal tbe liihia coloration. In pre- 
sence of a large proportion of potassa, the lithia will be identified by placing the sub- 
stance in the fußing aone, viewing the colored flame through the indigo prism and 
com pari ng it with a pure potassa flame produced in the opposite part of the ftifeing 
sone. Viewed through thin layers, the lithia-colored flame appears now redder than 
the pure potassa flame ; viewed through soiuewhat thicker layers, the flames appear at 
last equally red, if the proportion of the lithia to the potassa is only trifling ; but when 
lithia predominates in the examined sample the intensity of the red coloration ünparted 
l>y lithia decreases perceptibly when viewed through thicker layers, whilst the pure 
potassa- flame is scarcely impaired thereby. By this meaus lithia may be detected 
in potassa salte, even though preaent only in the proportion of one part in several 
thousand parts of the latter. Soda, unless present in over-large quantities, interferes 
but little with theae reactions (Cabtmell, Bunbxn). 

The lühium spectrum (Tab. 1.) is most brilhantly characterized by the splendid 
carmine-red line o, and the orange-yellow very faint line ß. The flame of a Bunten 
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barner yiekis oorj these two lines, bat if chloride of lithium » introdoced into a hydro- 
gen flame, a doli blue line ii perceptible, whicb becomes brilliant if the oxyhydrogen 
flame is osed. Its position alraost coincides with the weaker of the two blue lines of 
cssainm (Ttkdxll, Franklaitd). If alcohol be poured over chloride of lithium, and 
theo ignited, the flame shows also a carmine-red tint Presence of aalte of aoda will 
maak this reaction. 



To detect small quantities of cesium, rubidium, and lithium in presence of very 
lurge quantities of soda or potassa, extract the dry Chlorides, with addition of a few 
drupe of hydrocbloric acid, with alcohol of 90 per cent., which leaves behind the far 
larger portion of the chloride of sodium and chloride of potassium. Evaporate the 
Solution to dryness, dissolve the residue in a little water, and precipitate with bichloride 
of platinum. Filter the fluid off, boil the precipitate repeatedly with small quantities 
of water, to remove the potassio-bichloride of platinum present, and examine in the 
course of this process repeatedly by the spectroscope. The potassa spectrum will now 
be foand to grow fainter and fainter, whüst the spectra of rubidium and cteaium will 
beoome viaible, if these metals are present. Evaporate the fluid filtered off from the 
platinum precipitate to dryoess, heat the residue to slight redness in the hydrogen 
current, to deoompoee the sodio- bichloride of platinum and the excess of bichloride of 
platinum, moisten with hydrocbloric acid, drive off the acid again, and extract the 
chloride of lithium finally with a mixture of absolute alcohol and ether. The evapora- 
tion of the Solution obtained leaves the chloride of lithium behind in a state of almost 
perfeot purity ; it may theo be further examined and tested. Before drawing from 
the simple coloration of the flame the conclusion that lithia is present, it is advisable, 
in order to guard against the chance of error, to tett a portion of the residue, dis- 
soWed in water, with sulphuric acid and alcohol, to make quite sure that strontia 
or lime is not present. The addition of hydrocbloric acid, which is repeatedly 
prescribed in the above process to precede the extraction of the chloride of lithium 
with alcohol, is necessary for this reason, that chloride of lithium is, even at a 
moderate red heat, converted by the action of aqueous vapor into caustic lithia, 
which then attracts carbonic acid, forming carbonate of lithia, which is insoluble in 
aJcoboL 

§ 94. 

8econd oroup. 

Baryta, Strontia, Lime, Magnesia. 

Properties of the group. — The alkaline earths are soluble in water in 
the pure (caustic) State. Magnesia, bowever, dissolves but very sparingly 
in water. The Solutions manifest alkaline reaction ; the alkaline reac- 
tion of magnesia is most clearly apparent when that earth is laid upon 
moistened test-paper. The neutral carbonates and phosphates of the 
alkaline earths are insoluble in water. The Solutions of the salts of the 
alkaline earths are therefore preeipitated by carbonates and phosphates 
of the alkalies. This reaction distinguishes the oxides of the second 
group from those of the first. From the oxides of the other groups 
they are distinguished by the Solutions being neitlier preeipitated by 
hydrosulphuric acid, nor by sulphide of ammonium. The alkaline 
earths and their salts are white or colorless, and not volatile at a 
moderate red heat. The Solutions of their nitrates and chlorides are 
not preeipitated by carbonate of baryta. 

Special Reactions. 

§ 95. 

a. Baryta (Ba 0). 

1. Baryta is pretty readily soluble in hot water, but rather 
sparingly so in cold water; it dissolves freely in di\u\Ä \i^faQ^w:Y& ^t 
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nitric acid. Hydrate of baryta fuses at a red heat, without losing its 
water. 

2. Mostof the salts op baryta are insoluble in water. Thesoluble 
salts do not affect vegetable colors, and are decomposed upon ignition 
in a glass tube, with the exeeption of chloride, bromide, and iodide of 
barium. The insoluble salts dissolve in dilute hydrochloric acid, except 
the sulphate of baryta and the silico-fluoride of barium. Nitrate of 
baryta and chloride of barium are insoluble in alcohol, and do not 
deliquesce in the air. Concentrated Solutions of baryta are precipitated 
by hydrochloric or nitric acid added in large proportions, as chloride of 
barium and nitrate of baryta are not insoluble in the aqueous Solutions 
of the said acids. 

3. Ammonia produces no precipitate in aqueous Solutions of salts of 
baryta ; potassa or soda (free from carbonic acid) only in hi^hly con- 
centrated Solutions. Water redissolves the bulky precipitate of 
crystals üf baryta (Ba 0, H + 8 aq.) produced by potassa or 
soda. 

4. Carbonates of the alhalies throw down carbonate of baryta 
(Ba 0, C O a ) in the form of a white precipitate. If the Solution was 
previously acid, complete precipitation takes place only upon heating 
the fluid. In chloride 01 ammonium the precipitate is soluble to a 
trifling yet clearly perceptible extent ; carbonate of ammonia therefore 
produces no precipitate in very dilute Solutions of baryta containing 
much chloride of ammonium. 

ö. Sulphuric acid and all the soluble sulphate s y uio*e particularly also 
Solution of sulphate of Urne, produce even in very dilute Solutions, a 
heavy, finely pulverulent, white precipitate of sulphate of baryta 
(Ba 0, S g ), which is insoluble in alkalies, nearly so in dilute acids, 
but perceptibly soluble in boiling concentrated hydrochloric and nitric 
acids, as well as in concentrated Solutions of ammonia salts ; however, 
in these latter only if there is no excess of sulphuric acid or a sulphate 
present. This precipitate is generally formed immediately upon the 
addition of the rengent ; from highly dilute Solutions, however, espe- 
cially when strongly acid, it separates only after some time. 

6. Hydroßuosüicic acid throws down silico-fluoride of barium 
(Ba F, Si F a ) in the form of a colorless cry stalline quickly subsiding 

{ precipitate. In dilute Solutions this precipitate is formed only aftor the 
apse of some time : it is perceptibly soluble in hydrochloric and nitric 
acids. Addition of an equal volume of alcohol hastens the precipita- 
tion and makes it so complete that the nitrate remains clear upon addi- 
tion of sulphuric acid. 

7. Phosphate of soda produces in neutral oralkaline Solutions a white 
precipitate of Phosphate of baryta (2 Ba 0, H 0, P t ) which is 
soluble in free acids. Addition of ammonia only slightly increases the 
quantity of this precipitate, a portion of which is in this process con- 
verted into basic phosphate of baryta (3 Ba 0, P Ä ). Chloride of 
ammonium dissolves the precipitate to a clearly perceptible extent. 

8. Oxalate of ammonia produces in moderately dilute solutdons a white 
pulverulent precipitate of Oxalate of baryta (2 Ba 0, C 4 f -»-2 aq.), 
which is soluble in hydrochloric and nitric acids. When recently thrown 
down, this precipitate dissolves also in oxalic and acetic acids ; but the 
Solutions speedily deposit binoxalate of baryta (Ba 0, H 0, C 4 0, + 2 aq.) 

in the form of a crystalline powder. 
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9. Chromate of potassa, and bichromate of potassa, produce a bricht 
yellow precipitate of Chromate of baryta (BaO, CrO s ) even in very 
dilute Solutions of salts of baryta. The precipitate dissolves readily in 
hydrochloric or nitric acid to a yellowish red Solution, from which it 
is thrown down again by ammonia. 

10. If soluble salts of baryta in powder are heated with dilute 
spirit of reine, they impart to the Harne a greenish-yellow color. 

11. If salts of baryta are held on the loop of a platinum wire in 
the fusin<£ zone of the Bunsen gas flame, the part of the flame above 
the sample is colored yellowish oreen; or if the baryta salts are 
held in tne inner spirit bhwpipe .flame, the same coloration is imparted 
to the part of the flame before the sample. With the soluble uaryta 
salts, and also with the carbonate and sulphate of baryta, the reaction 
is immediate or very soon ; but the phospliate demands previous mois- 
teningof the sample with sulphuric acid or hydrochloric acid, by which 
means the baryta may be detected by the flame coloration also in 
Silicates decomposable ny acids. Silicates which hydrochloric acidfails 
to decompose must be fused with carbonate of soda, when tho carbonate 
of baryta produced will show the reaction. It is characteristic of the 
yellowish-green baryta coloration of the flame that it appears bluish- 
green when viewed through the grecn glass. If the sulphates are 
selected for the experiraent, presence of lime and strontia will not 
interfere with the reaction. The baryta spectrum is shown in Table I. 
The green lines, a and ß are the most intense ; y is less marked, but 
still characteristic. The platinum wire sometimes contains barium 
(Kraut), hence it is well to see first whether it will give a barium 
spectrum by itself. 

12. Cold Solutions of bicarbonates of the alkalies or of carbonate of 
ammonia fail to decompose sulphate of baryta, or, to speak more cor- 
rectly, they decompose that saft only to a scarcely perceptible extent ; 
the same applies to a boiling Solution of 1 part of carbonate and 3 parts oj 
sulphate of potassa. Repeated action of boiling Solutions of simple or 
monocarbonates of the alkalies upon sulphate of baryta succeeds in the 
end completely in decomposing that salt. It is readily decomposed 
also by fusion with carbonates of the alkalies, which results in the for- 
mation of a sulphate of the alkali, soluble in water, and of carbonate 
of baryta, insoluble in that menstruum. 

§ 96. 
b. Strontia. (SrO). 

1. Strontia and its hydrate and salts have nearly the same 
general properties and reactions as baryta and its corresponding Com- 
pounds. Hydrate of strontia is more sparinglv soluble in water than 
nydrate of baryta. Chloride of Strontium dissolves in absolute alcohol 
and deliquesces in moist air. Nitrate of strontia is insoluble in 
absolute alcohol and does not deliquesce in the air. 

2. The salts of strontia show with ammonia, potassa, and soda, and 
also with the carbonates of the alkalies and with phosphate of soda, nearly 
the same reactions as the salts of baryta. Carbonate of strontia 
dissolves somewhat more difficultly in chloride of ammonium than car- 
bonate of baryta. 
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3. Sulphurie aeid and sulphates throw down sulphate op strontia 
(SrO, S O g ) in the form of a white precipitate. Thrown down by dilute 
sulphurie aeid from concentrated Solutions, it is at first floeculent and 
amorphous, afterwards pulverulent and crystalline ; thrown down by 
dilute sulphurie aeid from dilute Solutions, or produced by Solutions of 
sulphates, it is immediately pulverulent and crystalline. Application of 
heat (rreatly promotes the preeipitation. Sulphate of strontia is far more 
soluble in water than sulphate of baryta ; owing to this readier solubility, 
the preeipitated sulphate of strontia separates from rather dilute Solutions 
only after the lapse of some time ; and this is invariably the case (even 
in concentrated Solutions) if Solution of sulphate of Urne is used as pre- 
cipitant. Sulphate of strontia is insoluble in spirit of wine ; addition 
of alcohol will therefore promote the Separation of the precipitate. In 
hydrochloric aeid and in nitric aeid sulphate of strontia dissolves per- 
ceptibly. Presence of larg-e quantities of these aeids will accordingly 
most seriously impair the delicaey of the reaction. Solution of sulphate 
of strontia in hydrochloric aeid is, after dilution with water, rendered 
turbid by chloride of barium. Sulphate of strontia does not dissolve on 
boiling in a concentrated Solution of sulphate of aminonia. 

4. Hydrqfluosüicic aeid fails to produce a precipitate even in concen- 
trated Solutions ; even upon addition of an equal volume of alcohol 
no preeipitation takes place, except in very highly concentrated 
Solutions. 

6. Oxalate of ammonia preeipitates even from rather dilute Solutions 

Oxalate op strontia (2 SrO,C 4 CL + 5 aq.) in the form of a white 

# powder which dissolves readily in nydrochloric and nitric aeid, and 

perceptibly in salts of ammonia, but it is only sparingly soluble in oxalic 

and acetie aeid. 

6. Bichromate of potassa does not precipitate Solutions of salts of 
strontia, even when they are concentrated. Neutral Chromate of potassa 
at first produces no precipitate, but on long Standing, if the Solution 
is not very dilute, light yellow Chromate of strontia separates in the 
cystalline form. The crystals are but slightly soluble in water, but 
readily soluble in hydrochloric, nitric, and chroniic aeids. 

7. If salts of strontia soluble in water or alcohol are heated with 
dilute spirit of wine, and the spirit is kindled, the flame appears of a 
very intense carminr color, more particularly upon stirring the 
alcoholic mixture. 

8. If a strontia salt is held in the fusing zone of the Bunsen gas 
flame, or in the inner spirit blowpipe flame y an intensely red color is 

imparted to the ilame. With chloride of Strontium the reaction is the 
most distinet, less clear with strontia and carbonate of strontia, fainter 
still with sulphate of strontia, and scarcely at all with strontia salts of 
fixed aeids. The sample is therefore, after its first exposure to the 
Harne, moistened with hydrochloric aeid, and then again exposed to the 
Harne. If sulphate of strontia is likely to be present, the sample is 
iirst exposed a short time to the reducing Üame (to produce sulphide of 
Strontium), before it is moistened with hydrocnloric aeid. Viewed 
through the blue fflass, the strontia flame appears purple or rose (dif- 
ference between strontia and lime, which latter oody shows a taint 
greenish-grey color when treated in this manner) ; this reaction is the 
most clearly apparent if the sample moistened with hydrochloric aeid is 
let spirt up in the flame. In presence of baryta the strontia reaction 
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shows onlj upon the first introduction of the sample moistened with 
hydrochloric acid into the flame. The strontia spectrum is shown in 
Table I. It contains a number of characteristic lines, more especially 
the orange line a, the red lines ß and y, and tiie blue line Ä, which latter 
is more particularly suited for the detection of strontia in presence of 
baryta and lime. 

9. Sulphate of strontia is completely decomposed by continued diges- 
tion with Solutions of carbonate of ammonia, or of bicurbonates of the 
alkalies, but much more rapidly by boiling with a Solution of 1 part of 
carbonate of potassa and 3 parts of sulphate of potassa (essen tial dinerence 
between sulphate of strontia and sulphate of baryta). 

§97. 

e. Lime (Ca 0). 

1. Limb and its hydrate and salts present in their general 
properties and reactions, a great similarity to baryta and strontia and 
their corresponding Compounds. Hydrate of lime is far more difficultly 
soluble in water than the hydrates of baryta and strontia ; it dissolves 
also more sparingly in hot than in cold water. Hydrate of lime loses 
its water upon ignition. Chloride of calcium and nitrate of lime are 
soluble in absolute alcohol and deliquesce in the air. 

2. Ammonia, potassa, carbonates of the alkalies and phosphate of soda 
show nearly the same reactions with salts of lime as with salts of baryta. 
Recently precipitated carbonate of lime (Ca 0, C t ) is bulky and 
amorphous — arter a time, and immediately upon application of heat, it 
falls down and assumes a crystalline form. Recently precipitated carbo- 
nate of lime dissolves pretty readily in Solution of chloride of ammonium; 
but the Solution speedily becomes turbid, and deposits the greater part 
of the dissolved salt in form of crystals. 

3. Sulphuric acid and sulphate of soda produce immediately in highly 
concentrated Solutions white precipitates of sulphate of lime (CaO, 
S 0„ H + aq.), which redissolve completely in a large proportion of 
water, and are still far more soluble in acids. Sulphate of lime dissolves 
readily on boiling in a concentrated Solution of sulphate of ammonia. 
In less concentrated Solutions of lime the precipitates are formed only 
after the lapse of some time ; and no precipitation whatever takes place 
in dilute Solutions. Solution of sulphate of lime of course cannot pro- 
duce a precipitate in salts of lime ; but even a cold saturated Solution of 
sulphate of potassa, mixed with 3 parts of water, produces a precipitate 
only after Standing froin twelve to twenty-four hours. In Solutions of 
lime which are so very dilute that sulphuric acid has no apparent action 
on them, a precipitate will form upon addition of two volumes of alcohol 
either immediately, or after the lapse of some time. 

4. Hydrqfluosilicic acid does not precipitate salts of wine, even when 
an equal volume of alcohol is added. 

5. Oxalate of ammonia produces a white pulverulent precipitate of 
Oxalate of lime. If the fluids are in any degree concentrated or hot, 
the precipitate (2 Ca 0, C 4 e + 2 aq.) forms at once ; but if they are very 
dilute and cold, it forms only after some time, in which latter case it is 
more dißtinctly crystalline and consists of a mixture of the above salt 

2 Ca O, C/) c + 6 aq. Oxalate of lime dissolves readily in hydro- 
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phloric and nitric acids ; but acetic and oxalic acids fail to dissolve it to 
any perceptible extent. 

6. Neither Chromate ofpotassa nor bichromate of potassa prccipitate 
Solutions of salts of lime. 

7. Soluble salts of lime when heated with dilute spirit of rvine impart 
to the flame of the latter a yellowish-red color, which is liable to be 
confounded witb tbat communicated to the flame of alcobol by salts 
of strontia. 

8. If salts of lime are held in the fusing zone of the Bimsen gas 
flame, or in the inner spirit blowjripe flame, they impart to the flame a 

yellowish-red color. This reaction is the most distinct with chloride 
of calcium ; sulphate of lime shows it only after its incipient decompo- 
sition, and carbonate of lime also most distinctly after the escape of the 
carbonic acid. Compounds of lime with fixed acids do not color flame ; 
those of them which are decomposed by hydrochloric acid, will, however, 
show the reaction after moistening with that acid. The reaction is in 
such cases promoted by flattening the loop of the platinum wire, placing 
a small portion of the lime Compound upon it, letting it frit, aading a 
drop of hydrochloric acid, which remains honging to the loop, and then 
holding the latter in the fusing zone. The reaction shows now the most 
distinct light immediately upon the disappearance of the drop, which in 
this process, as in Leidenfrost's phenomenon, evaporates without 
boiling (Bunsen). Viewed through the green glass, the lime coloration 
of the flame appears finch-green colored on letting the sample mois- 
tened with hydrochloric acid spirt in the flame (difference between lime 
and strontia, which latter substance under similar circumstances shows 
a very faint yellow. Merz). In presence of baryta the lime reaction 
shows only upon the first introduction of the sample into the flame. 
The lime spectrum is shown in Table I. The intensely green line ß is 
more particularly characteristic, also the intensely orange line a. It 
requires a very good apparatus to show the indigo-blue line to the right 
of G in the solar spectrum, as this is much less luminous nan the 
other lines. 

9. With monocarbonates and bicarbonates of the alkalies. as also 
with a Solution of carbonate and sulphate of potassa, sulphate of lime 
shows the same reactions as sulphate of strontia. 

§ 98. 
d. Magnesia (MgO). 

1. Magnesium is silver white, hard, ductile, of 1*74 sp-gr. Itmelts 
at a moderate red heat, and volatilizes at a white heat. When ignited 
in the air it bums with a dazzling white flame to magnesia. It pre- 
serves its lustre in dry air. but it gradually becomes coated with hydrate 
of magnesia when exposed to moist air. Füre water is not decomposed 
by magnesium at the ordinary temperature, but in water acidulatea with 
hydrochloric or sulphuric acid, magnesium dissolves rapidly with evolu- 
tion of hydrogen. 

2. Magnesia and its hydrate are white powders of far greater 
bulk than the other alkaline earths and their hydrate». Magnesia and 

hydrate of magnesia are nearly insoluble both in cold and not water, 
Hydrate of magnesia. loses its water upon ign\\iou. 
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3. Some of the salts of Magnesia are soluble in water, otliers are 
insoluble in that fluid. The soluble salts of magnesia bave a nauseous 
bitter taste ; in the neutral State they do not alter vegetable colors ; 
with the exception of sulphate of magnesia, they undergo decomposition 
when gently ijrnited, and the greater part of them even upon simple 
evaporation of their Solutions. Sulphate of magnesia loses its acid at a 
white heat. Nearly all the salts of magnesia which are insoluble in 
water dissolve readily in hydrochloric acid. 

4. Ammonia throws down froni the Solutions of neutral salts part of 
the magnesia as hydhate (Mg 0, H 0) in the form of a white bulky pre- 
cipitate. The rest of the magnesia remains in Solution as a double salt, 
viz., in combination with the ammonia salt which forms upon the 
decomposition of the salt of magnesia; these double salts are not 
decomposed by a small excess of ammonia. It is owing to this tendency 
of salts of magnesia to form such double salts with ammoniacal Com- 
pounds that ammonia fails to precipitate them in presence of a sufficient 
proportion of an ammonia salt with neutral reaction, or, what comes 
to the same, that ammonia produces no precipitate in Solutions of 
magnesia containinpr a sufficient quantity of free acid, and that pre- 
cipitates produced by ammonia in neutral Solutions of magnesia are 
redissolved upon the addition of chloride of ammonium. It should be 
borne in mind, that in Solutions containing only 1 equivalent of an 
ammonia salt (N H 4 0, S 0, or N H Cl) to 1 equivalent of magnesia 
salt, although no precipitate is produced by the addition of a slight 
excess of ammonia, a portion of the magnesia is, however, thrown 
down on the addition of a large excess of ammonia. 

5. Potassa, soda 7 baryta, and Urne throw down hydrate of mag- 
nesia. The Separation of this precipitate is greatly promoted by 
boiling the mixture. Chloride of ammonium and other similar salts of 
ammonia redissolve the washed precipitated hydrate of magnesia. If 
the salts of ammonia are added in sufficient quantity to the Solution of 
magnesia betöre the addition of the precipitant, small quantities of the 
latter feil altogether to produce a precipitate. However, upon boiling 
the Solution afterwards with an excess of potassa, the precipitate will of 
course make its appearance, since this process causes the decomposition 
of the ammonia salt, removing thus the agent which retains the nydrate 
of magnesia in Solution, it should be remembered that hydrate of 
magnesia is more soluble in Solutions of chloride of potassium, chloride 
of sodium, sulphate of potassa, and sulphate of soda, than in water, and 
that on this account its precipitation is less complete when these salts 
are present in large quantities. From such Solutions the magnesia is, 
however, thrown down, for the most part, by an excess of Solution of 
potassa or Solution of soda. 

6. Carbonatc of potassa and carbonate of soda produce in neutral Solu- 
tions a white precipitate of basic carbonate of magnesia 4 (MgO, 
COJ + MgO, HO + lOaq. One-fifth of the carbonic acid of the 
decomposed alkaline carbonate is liberated in the process, and combines 
with a portion of the carbonate of magnesia to bicarbonate, which 
remains in Solution. This carbonic acid is expelled by boiling, and 
an additional precipitate formed (Mg 0, C 0, + 3 aq.). Application of 
heat therefore promotes the Separation and increuses the quantity 
of the precipitate. Chloride of ammonium and other similar salts. q{ 
ammonia, when present in sufficient quantity, pre^eiit \\i\& ^t^c\^\\»^ 
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tion also, and readily redissolve the precipitates after they have been 
washed. 

7. If Solutions of magnesia are mixed with carbonate ofammonia, the 
fluid always remains clear at first; but after standing some time, it 
deposits, more or less quickly according to the concentration of the 
Solution, a crystalline precipitate. When the carbonate of ammonia is 
in slig-ht excess, the precipitate consists of carbonate of magnesia 
(Mg 0, C 0, + 3 aq.), when the carbonate ofammonia is in large excess, it 

COnsistS of CARBONATE OF MAGNESIA AND AMMONIA (N H 4 0, C 2 + 

Mg 0, C O s + 4 aq.). In rather highly dilute Solutions this precipitate 
will not form. Addition of ammonia and of excess of carbonate of 
ammonia promotes its Separation. Chloride of ammonium counteracts 
it, but it cannot prevent the formation of the precipitate in rather highly 
concentrated Solutions. 

8. Phosphate of soda precipitates from Solutions of magnesia, if they 
are not too dilute, Phosphate op magnesia (2MgO, HO,Pöj,+ 
14 aq.) as a white powder. Upon boiling, basic phosphate of magnesia 
(3 Mg 0, P Ä + 7 aq.) separates, even from rather dilute Solutions. But 
if the addition of the precipitant is preceded by that of chloride of ammo- 
nium and ammonia a white crystalline precipitate of basic Phosphate 
of magnesia and ammonia (2 Mg 0, N H 4 0, P O g + 12 aq.) will sepa- 
rate even from very dilute Solutions of magnesia ; its Separation may be 
greatly promoted and accelerated by stirring with a glass rod ; even 
should tne Solution be so extremely dilute as to forbid the formation of 
a precipitate, yet the lines of direction in which the glass rod has moved 
along the side of the vessel will after the lapse of some time appear 
distinctly as white streaks (soluble in hydrochloric acid). Water and 
Solutions of salts of ammonia dissolve the precipitate but very slightly ; 
but it is readily soluble in acids, even in acetic acid. In water contain- 
ing ammonia it may be considered insoluble. 

9. Oxalate of ammonia produces no precipitate in highly dilute Solu- 
tions of magnesia ; in less dilute Solutions no precipitate is formed at 
first, but after Standing some time, crystalline crusts of various Oxalates 
of ammonia and magnesia make their appearance. In highly concen- 
trated Solutions Oxalate of ammonia very speedily produces precipitates 
of Oxalate of magnesia (2 Mg 0, C 4 e + 4 aq.} which contain small quan- 
tities of the above-named double salts. Chloride of ammonium, espe- 
ciallv in presence of free ammonia, interferes with the formation of these 
precipitates, but will not in general absolutely prevent it. 

10. Sulphuric acid, hydrqfluosüicic acid, and Chromate ofpotassa, do not 
precipitate salts of magnesia. 

11. Salts of magnesia do not color flame. 

§ 99. 

Becapitulation and remarhs. — The difficult solubility of the hydrate of 
magnesia, the ready solubility of the sulphate (unfess it is present in 
the natural form, either anhydrous or combined with 1 equivalent of 
water) and the disposition of salts of magnesia to form double salts with 
ammonia Compounds, are the three principal points in which magnesia 
differs from the other alkaline earths. To detect magnesia in Solutions 
cont&inmg all the alkaline earths, we always first remove the baryta, 
gtrontia, and Urne. This is effected most conveniently by means of 
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earbonate of ammonia, with addition of some ammonia and of chloride 

of ammonium, and application of heat; since by this process the baryta, 

strontia, and lime are obtained in a form of comoination suited for 

further examination. If the Solutions are somewhat dilute, and the 

preeipitated fluid is quickly filtered, the carbonates of baryta, strontia, 

and lime are obtained on the filter, whilst the whole of the magnesia is 

found in the filtrate. But as chloride of ammonium dissolves a iittle 

earbonate of baryta, and also a Iittle earbonate of lime, thoug-h much 

less of the latter than of the former, triäing- quantities of these bases are 

found in the filtrate ; nay, where only traces of them are present, they 

may altogether remain in Solution, in aecurate experiments, therefore, 

the Separation is effected in the following way : Divide the filtrate into 

three portions, test one portion with dilute sulphuric aeid for the trace 

of baryta which it may contain in Solution, and another portion with 

Oxalate of ammonia for the minute trace of lime which may have 

remained in Solution. If the two reagents produce no turbidity even 

after some time, test the third portion with phosphate of soda for 

maqnesia. But if one of the reagents causes turbidity, filter the fluid 

from the gradually subsiding preeipitate, and test the filtrate for 

magnesia. Should both reagents produce preeipitates, mix the two first 

portions together, filter after some time, and then test the filtrate. To 

make sure that the preeipitate thrown down by Oxalate of ammonia is 

actually Oxalate of lime, and not, as it may be, Oxalate of magnesia and 

ammonia, dissolve it in some hydrochloric aeid, and add dilute sulphuric 

aeid, and then spirit of wine. 

To show the presence of the baryta, strontia, and lime in the preei- 
pitate produced by earbonate of ammonia, dissolve the preeipitate in 
some dilute hydrochloric aeid; add Solution of gypsum to a smafl portion 
of this Solution, when the immediate formation ofa preeipitate will prove 
the presence of baryta. Evaporate the remainder of the hydrocliloric 
aeid Solution on the water-bath to drvness, and treat the residue with 
absolute alcohol, which will dissolve the chloride of Strontium and the 
chloride of calcium, leaving the greater part of the chloride of barium 
undissolved. Mix the alcoholic Solution with an equal volume of water 
and a few drops of hydrofluosilicic aeid, and let the nrixture stand 
several hours, when the last traces of the baryta present will be found 
preeipitated as silicofluoride of barium. Filter, and add sulphuric aeid 
to the alcoholic filtrate. This will throw down the stronua. and the 
lime. Filter the fluid from the preeipitate, wash with weak spirit of 
wine, and boil the sulphates for some time with a sumeient quantity of 
sulphate of ammonia in strong Solution, renewing the water as it evapo- 
rates and adding ammonia, so as to keep the fluid slightly alkaline. 
Sulphate of strontia remains undissolved, while the sulphate of lime 
dissolves. After the Solution has beenmueh diluted, the lime may be 
thrown down by Oxalate of ammonia. The mixture of sulphate of 
strontia and sulphate of lime may also be treated as follows : boil them 
with Solution of earbonate of soda. By this means the sulphates are 
converted into carbonates. Wash these, dissolve them in nitric aeid, 
evaporate the Solution to dryness, pulverize the residue and digest it 
for a considerable time with absolute alcohol to which a Iittle ether has 
been added, when the uitrate of lime will dissolve, leaving the nitrate 
of strontia undissolved. The latter may be readily examined, by dis- 
solvimr in a sniall quantity of water and adding Solution of &y\\\\\y*\£. <& 
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lime; the lime in the alcoholic Solution of nitrate of lime may be 
detected by the addition of sulphuric acid. The precipitate of sulphate 
of lime thus produced, when treated with water, should yield a Solution 
which pives an immediate and considerable precipitate with Oxalate of 
ammonia. The best and most convenient way of detecting 1 the alkaline 
earths in their phosphates, is to decompose these latter by raeans of 
sesquichloride of iron, with addition of acetate of soda (§ 142). The 
Oxalates of the alkaline earths are converted into carbonates by ignition, 
preparatory to the detecrion of the several earths which they may 
contain. The following method will serve to analyse mixtures of the 
sulphates of the alkaline earths. Extract the mixture under examina- 
tion with small portions of boiling- water. The Solution contains the 
whole of the sulphate of magnesia, unless it is present in the native 
anhydrous State, uesides a trining: quantity of sulphate of lime. Digest 
the residue, according" to H. Rose's direction in the cold for 12 hours, 
with a Solution of carbonate of ammonia, or boil it 10 minutes with a 
Solution of 1 part of carbonate and & parts of sulphate of potassa, filter, 
wash, then treat with dilute hydrochloric acid, which will dissolve the 
carbonates of strontia and lime formed, and if the anhydrous native 
sulphate of ma^nesia was present, the carbonate of magnesia or the 
carbonate of ammonia and mapfnesia, but always also a minute trace of 
baryta (Fresenius), leaving behind the undecomposed sulphate of 
baryta. The latter may then be decomposed by fusion with carbonates 
of the alkalies. The Solutions obtained are to be examined further 
according to the above directions. 

The detection of baryta, strontia, and lime in the moist way is very 
instructive, but also rather laborious and tedious. Bv means of the 
spectroscope these alkaline earths are much more readily detected, even 
when present all three together. According to the nature of the acid, 
the sample is either introduced at once into the flame. or after previous 
ignition and moistening with hydrochloric acid. To detect very minute 
quantities of baryta and strontia in presence of lar^e quantities of lime, 
ijfiüte a few grammes of the mixed carbonates a few minutes in a 
platinum erucible stronuly over the blast,* extract the ignited mass by 
üoiling with a little distilled water, evaporate with hydrochloric acid to 
dryness, and examine the residue by spectrum analysis (Engelbach). 

§ 100. 

THIRD GROUP. 

More common oxides: — Alumina, Sesquioxide of Chromium. 

Rarer oxides: — Berylla, Thoria, Zirconia, Yttria, Oxide 
of Erhitm, Oxides of Cerium, Oxide of Lanthaniüm, Oxide 
of Didymitm, Titanic Acid, Tantalic Acid, Niobic Acid. 

Propcrties of the tjrvup. — The oxides of the third group are insoluble 
in water, both in the pure State and as hydrates. Their sulphides 
cum not be proihiced in the moist wav. Hydrosulphuric acid therefore 
fiüls to prtvipitate the Solutions of their salts. Sulphide of ammonium 
türows (low n, from the Solutions of the salts in which the oxides of the 

* The carbonatee of baryta and strontia are much more readily redaced to the 
cmustio §Ukte in this procee» Uian would be the case in the abeence of carbonate of 
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third group constitate the base,* in the same way as ammonia, the 
hydrated oxides. This reaction with sulphide of ammonium distin- 
gnishes the oxides of the third from those of the two preceding 1 groups. 



Special Beactions of the more common Oxides of the third group, 

§ 101. 
a. Alumina (A1 2 8 ). 

1. Aluminium is nearly white. It is not oxidized by the action 
of the air, in compact masses not even upon ignition. It may be filed, 
and is very malleable ; its specific gravity is only 13*07. It is fusible 
at a bricht red heat. It does not decompose water at a boilin^ heat. 
Aluminium dissolves readily in hydrochloric acid, as well as in hot 
Solution of potassa, with evolution of hydrogen. Nitric acid dissolves it 
only slowly, even with the aid of heat. 

2. Alumina is non-volatile and colorless; the hydrate is also 
colorless. Alumina dissolves in dilute acids slowly and with very great 
diificultv, but more readily in concentrated hot hydrochloric acid In 
fusing bisulphate of potassa, it dissolves readily to a mass soluble in 
water. The hydrate in the amorphous condition is readily soluble in 
acids; in the crystalline State it dissolves in them with very great 
difficulty. After ignition with alkalies, the alumina, or, more correctly 
speaking, the alkaline aluminate formed, is readily dissolved by acids. 

3. The salts of alumina are colorless and non-volatile ; some of 
them are soluble, others insoluble. The anhydrous chloride is solid, 
pale yellow, crystalline, volatile. The soluble salts have a sweetish, 
astringent taste, redden litinus-paper, and lose their acid upon ignition. 
The insoluble salts are dissolved by hydrochloric acid, with the excep- 
tion of certainnative Compounds of alumina ; the Compounds of alumina 
which are insoluble in hydrochloric acid, are decomposed and made 
soluble by ignition with carbonate of soda and potassa, or bisulphate of 
potassa. This decomposition and Solution may, however, be etfccted 
also by heating them, reduced to a fine powder, with hydrochloric acid 
of 25 per cent., or with a mixture of l) parts by weicht of hydrated 
sulphuric acid, and 1 part by weight of water, in sealed glass tubes, to 
200°-21G° for two hours (A. Mitscherlich). 

4. Potassa and soda throw down from Solutions of alumina salts a 
bulky precipitate of hydrate of alumina (Al 4 O s , 3 II 0), which con- 
tains alkali and generally also an admixture of basic salt; this precipi- 
tate redissolves readily and completely in an excess of the precipitant, 
but from this Solution it is reprecipitated by addition of chloride of 
ammonium, even in the cold, but more completely upon application of 
heat (compare § 53). The precipitate does not dissolve in excess of 
chloride of ammonium. The presence of salts of ammonia does not 
prevent the precipitation by potassa or soda. 

* The oxides of the third group may in arly all of them combine to saline Com- 
pounds with bases as well as with acids ; alumina, for instance, com bin es with potassa 
to aluminate of potassa, with sulphuric acid to sulphate of alumina. The oxides of the 
third group stand, accortlingly, partly on the vtrge between bases and aciiis. Tbo:<e 
which incline more to the latter, as is the case witb the three last members of the group, 
are therefore also calJed mc'iüb. 

h2 
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5. Ammonia also produces a precipitate of hydrate of alumina, 
which contains ammonia and an admixture of basic salt ; this precipi- 
tate also redissolves in a very considerable excess of the precipitant, but 
with diffieulty only, which is tbe ^Teater tbe larger tbe quantity of salts 
of ammonia contnined in tbe Solution. Boiling* promotes preeipitation, 
as it drives off tbe excess of ammonia. It is this deportment which 
accounts for tbe complete preeipitation of hydrate of alumina frorn Solu- 
tion in potassa by an excess of ebloride of ammonium. 

6. Carbunates of the alkalies precipitate BASIC CARBONATE OF ALU- 
MINA, which is somewbat soluble in excess of fixed alkaline carbonate, 
and still less soluble in excess of carbonate of ammonia. Boiling pro- 
motes preeipitation by the latter. 

7. If the Solution of a salt of alumina is dkrested with fmelv divided 
carhmate of baiyta, the greater part of the aeid of the alumina salt Com- 
bines with the baryta, the liberated carbonic aeid escapes, and the 
alumina preeipitates completely as hydrate mixed with basic salt 
of alumina ; even digestion in the cold suflices to produce this 
reaction. 

N.B. to 4, 5, 6, and 7. — Tartaric, citric, and other non-volatile 
org-anic aeids completely prevent the preeipitation of alumina as hydrate 
or basic salt, when they are present in any notable quantity. The 
presence of sufrar and similar organic substances interferes with the 
completeness of the preeipitation. 

8. Phosphate of soda preeipitates the Phosphate of alumina 
(Al a O a , P $ ) froin Solutions of salts of alumina. The bulky white pre- 
cipitate is readily soluble in potash or soda Solution, but not in ammonia; 
ebloride of ammonium therefore preeipitates it from its Solution in potash 
or soda. The precipitate is readily soluble in hydrochloric or nitric 
aeid, but not in acetic aeid (difference from alumina) ; acetate of soda, 
therefore, preeipitates it from its Solution in hydrochloric aeid, if the 
latter is not too prodominant. Tartaric aeid, sugar, &c, do not prevent 
the preeipitation of phosphate of alumina, but citric aeid does prevent it 
(Grothe). 

1). Oa'alic aeid and its salts do not precipitate the Solutions of salts 
of alumina. 

10. Sulphate of potash, added to very concentrated Solutions of salts 
of alumina, occasions the fjradual Separation in the form of crystals, or 
a crvstalline powder of sulphate ot alumina and potash (KO,SO,+ 
Al,a,,3SO s + i?4aq.) 

11. If alumina or one of its Compounds is ignited upon charcoal 
before the blowpipe, and afterwards moistened with a Solution of nitrate 
of protoxith' of vobalt, and then ajrain stronjrly i^nited, an unfused mass 
of a deep sky-blie color is produeed, which consists of a Compound of 
the two oxides. The blue color becomes distinet only upon cooling. 
Bv candh'lijiht it appears violet. This reaction is in a measure to be 
relied on only in the case of infusible or diflicultly fusible Compounds of 
alumina pretry free from other oxides ; it is never quite decisive, since 
cobalt Solution «jives a blue color under similar circumstances not only 
with readily fusible Compounds, but also with certain infusible Com- 
pounds free from alumina, such as the neutral phosphates of the alka- 
line carths. 
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'§ 102. 
b. Sesquioxide of Chromium (Cr,O s ). 

1. Sesquioxide op chromium is a green, its hydrate a bluish 
gTav-green powder. The hydrate dissolves readily in acids ; the non- 
lgnited sesquioxide dissolves more diflicultly, and the ignited sesquioxide 
is alinost altogether insoluble. 

2. The salts of sesquioxide of chromium have a green or violet 
color. Many of them are soluble in water. Most of them dissolve in 
hydrochloric acid. The Solutions exhibit a fine green or a dark violet 
color, which latter, however, changes to CTeen upon heating. The salts 
of sesquioxide of chromium with volatile acids are decomposed upon 
ignition, the acids being expelled. The salts of sesquioxide of chromium 
which are soluble in water redden litinus. Anhydrous sesquichloride 
of chromium is crystalline, violet-colored, insoluble in water and in 
acids, and volatilizes with difficulty. 

3. Potassa and soda produce in the green as well as in the violet 
Solutions a bluish-green precipitute of hydrate of sesquioxide of 
chromium, which dissolves readily and completely in an excess of the 
precipitant, imparting to the Üuid an emerald-green tint. Upon Ivnfj- 
tontinued ebullition of this Solution, the whole of the hydratea oesaui- 
oxide separates again, and the supernatant fluid appears perfectly color- 
less. Tne same reprecipitation takes place if chloride ot ammonium is 
added to the alkaline Solution. Application of heat promotes the Sepa- 
ration of the precipitate. 

4. Ammonia produces in green Solutions a grayish-green, in violet 
solntions a grayish-blue precipitate of hydrate of sesquioxide of 
chromium. The former precipitate dissolves in acids to a green fluid, 
the latter to a violet fluid. Other circumstances (concentration, way of 
adding the ammonia, &c.) exercise also some influence upon the com- 
position and color of tliese hydrates. A smali portion of the hydrates 
redissolves in an excess of the precipitant in the coid, imparting to the 
fluid a peach-blossom red tint ; but if alter the addition of ammonia in 
excess heat is applied to the mixture the precipitation is complete. 

5. Carbonates of the alhalics precipitate basic carbonate of sesqui- 
oxide of chromium, which redissolves with difficulty in excess of the 
precipitant 

6. Carbonate of baryta precipitates the whole of the sesquioxide as a 

OREENI9H HYDRATE MIXED WITH BASIC SALT. The precipitation 

takes place in the cold, but is complete only after long-continued 
digestion. 

N.B. to 3, 4, ö, and 6. — Tartaric and citric acids, sugar, and oxalic 
acid interfere more or less with the precipitation of violet or green Solu- 
tions of oxide of chromium by ammonia, the first formed precipitates 
frequently redissolving entir«»ly to red fluids after long Standing. The 
above named acids generally prevent altogether the precipitation by 
carbonate of soda. In the presence of these acids also the precipitation 
by carbonate of baryta is incomplete. 

7. If a Solution of sesquioxide of chromium in Solution of potassa or 
soda is mixed with some brown peroxide of lead in excess, and the 
mixture is boiled a short time, the sesquioxide of chromium is oxidiz&d 
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to chromic acid. A yellow fluid is therefore obtained on filtering, which 
consists of a Solution of Chromate of oxide of lead in Solution of 
potassa or soda. Upon acidifying this fluid witb acctic acid, the Chro- 
mate of lead separates as a yellow precipitate (Chancel). Verv 
minute traces of chromic acid may be detected in this fluid with still 
gTeater certainty by acidifying with hydrochloric acid, and bringing it 
in contact with peroxide of hydrogen and ether. Compare § 138. 

8. The fusion of sesquioxide of chromium or of any of its Compounds 
with nitrate of soda and carbonate of soda, or still better, with chlorate of 
potassa arid carbonate qf soda, gives rise to the formation of yellow alka- 
line Chromate, which dissolves in water to an intensely yellow fluid. 
For the reactions of chromic acid see § 138. 

9. Phosphate of soda and ammonia dissolves sesquioxide of chromium 
and its salts, both in the oxidizing and reducing flame of the blowpipe, 
to clear beads of a faint yellowish-green tint, which upon cooling 
changes to emerald-green. The sesquioxide of chromium and its 
salts show a similar reaction with biborate of soda. The ßunsen gas 
flame is used for the experiinent, or the blowpipe flame. 

§103. 

Becapituhtion and remarhs. — The solubility of hydrate of alumina in 
Solutions of potassa and soda, and its reprecipitation from the alkaline 
Solutions by chloride of ammonium, afford a safe means of detecting 
alumina in the absence of sesquioxide of chromium. But if the latter 
substance is present, which is seen either by the color of the Solution, or 
by the reaction with phosphate of soda and ammonia, it must be removed 
before alumina can be testod for. The Separation of sesquioxide of 
chromium from alumina is eflected the most completely by fusing 1 part 
of the mixed oxides with 2 parts of carbonate ana 2 parts of chlorate of 
potassa, which may be done in a platinum crucible. The yellow mass 
obtained is boiled with water; by this process the whole of the chro- 
mium is dissolved as Chromate of potassa, and part of the alumina as 
aluminate of potassa, the rest of the alumina remaining undissolved. If 
the Solution is acidifled with nitric acid, it acquires a reddish -yellow 
tint; if ammonia is then added to feebly alkaline reaction, the dissolved 
portion of the alumina separates. 

The precipitation of sesquioxide of chromium eflected by boiling its 
Solution in Solution of potassa or soda is also sufliciently exact if the 
ebullition is continued long enough; still it is often liable to mislead in 
cases where only little sesquioxide of chromium is present, or where the 
Solution contains organic matter, even though in small proportion only. 
I have to call attention here to the fact that the solubility of hydrated 
sesquioxide of chromium in an excess of cold Solution of potassa or soda 
is considerably impaired by the presence of other oxides (protoxides of 
manganese, nickel, cobalt, and more particularly sesquioxide of iron). 
If these oxides happen to be present in large excess they may even 
altogether prevent the Solution of the hydrated sesquioxide of chromium 
in potassa or soda Solution. Lastly, the influence of non-volatile 
organic acids, sugar, <fcc, upon the precipitation of alumina and sesqui- 
oxide of chromium by ammonia, &c, must be remembered. If organic 
substances are present therefore, ignite, fuse the residue with carbonate 
and chlorate of potassa, and proceed as directed before. In respect to 
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tfae detection of traces of aluinina by an alcoholic Solution of morin, 
«compare Goppels roder.* 

Special ReaeUont of the rarer Oxides ofihe third group. 

§ 104. 
1. Beryll* (Be, 3 ). 

Beryll» is a rare earth found in the form of a siücate in phenacite, and, with other 
Silicates, in beryl, euclase, and some other rare niinerals. It is a white, tasleless 
powder insoluble in water. The ignited earth dissolves slowly but completely in acids ; 
2t is readily soluble after fusion with bisulphate of potas*a. The hydrate dissolves 
readily in acids. The Compounds of berylla very uiuch reseuible the aluinina Com- 
pounds. The soluble berylla salts have a sweet astringent taste ; their reaction is 
alkaline. The native Silicates of berylla are completely decomposed by fusing with 
4 parts of carbonate of soda and potassa. Potassa, soda. ammonia, and suipkide of 
ammonium throw down from Solution of berylla salts a white flocculent hydrate, which 
is insoluble in ammonia, but dissolves readily in Solution of potassa or soda, from 
which Solution it is precipitated again by chloride of atnmoiiium ; the concentrated 
alkaline Solutions reinain clear ou boiling, but from more dilute alkaliue solutions 
alniost the wbole of the berylla separates upou continued ebu lition (diflerence between 
berylla and alumina). Upon continued ebullition with chloride of ammonium, the 
freshly precipitated hydrate dissolves as chloride of beryllium, with expulsiou of am- 
monia (difference between berylla and alumina). Carbonate* of the alkulies precipitate 
white carbonaie of berylla, which redissolves in a gixat excess of the carbouates of the 
tixed alkaliea, and in a much less considerable excess of carbonate of ammonia (most 
chiiracterisiic difference between berv Ha and alumina, but they cannot be completely 
separated in Ulis way, as in the presence of berylla a certain quantity of alumina dissolves 
in carbonate of ammonia, Jot). Upon boiling these Solutions basic carbonate of berylla 
separates, readily and completely from the nolutioii in carbonate of ammonia, but 
oniy upon dilution and imperfecta from the Solutions in carbonates of the fixed alka- 
lies. Carbonate of baryta precipitates berylla completely upon cold digestion. Oxalie 
arid and Oxalates do not precipitate berylla (diiference between berylla and thoria, 
sirconia, yttiia, erbia, protoxide of cerium. oxide of lanthanium, oxide of didymium). 
Berylla, wben fused with 2 parts of acid fluoride of potassium, dissolves in water 
acidiued with hydrofluoric acid. (This reaciion serves as a means of separating berylla 
from alumina, für when alumina is similarly treated it remains insoluble as fluoride of 
aluminium and potassium). Moisiened with Solution oinürate of protoxide of cobalt, 
the berylla Compounds give gray masses upon ignition. 

2. Thoria (Th 0). 

Thoria is a very rare earth found in thorite and monacite. It is white, while 
hot, yellow. The ignited earth is soluble only upon heating with a mixture of 1 part 
of concentrated sulphuric acid and 1 part of water ; but it is not soluble in other acids, 
not even after fusioti with alkalies. When evaporated with hydrochloric or nitrio acid, 
the corresponding salts are left iu a varnish-like form, svhicli dissolves at once in water 
completely. Hydrochloric and nitric acids precipitate from such Solutions the chloride 
or ni träte ; even sulphuric acid may produce a precipitate in the solutions (Bahk). 
The moist hydrate dissolves readily in acids, the dried hydrate only with difficulty. 
Chloride of thoriura is not volaiile. Thorite (Silicate of thoria) is decomposed by 
saoderately concentrated sulphuric acid and also by coucentrated hydrocldurio acid. 
Potassa, ammonia, and stdphide of ammoniwn precipitate from solutions of thoria 
smlts white hydrate, which is insoluble in an excess of the precipitant, even of potassa 
(diiference between thoria and alumina and berylla). Carbonate of potassa and carbo- 
wate of ammonia precipitate basic carbonate of thoria, which readily dissolves in an 
excess of the precipitant in concentrated Kolutions, with difficulty iu dilute solutions 
(difference between thoria and alumina). From the Solution iu carbonate of ammonia 
basic salt separates a^ain even ai 50°. Carbonate of baryta precipitates thoria com- 
pletely. HydroflvLoric acid precipitates the fluoride vthich at Hrst ap{>ears gelatiuous, 
but after a Uttle while pulveruleut. The precipitate is insoluble in water and hydro- 
fluoric acid. (Uere thoria differs from alumina, berylla, zirconia, and titanic acid.) 



* Zeitschr. f. anal Chem. 7, 208. 
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Oxalie acid produces a white precipitate (here thoria differs from berylla and alumina). 
The precipitate does not dissolve in oxalie acid nor in dilute mineral acid«, but it doea 
dissolve in a Solution of acetate of ammonia containing free acetic acid. (Uere thoria 
differs from yttria and protoxide of cerium). The precipitate is insoluble in excess of 
Oxalate of ammonia (difference between thoria and zirconia). Suiphate of potassa in 
concentrated Solution preeipitates thoria slowly but completely (here thoria differs from 
alumina and berylla). The precipitate consists of suiphate of potassa and thoria ; 
it is insoluble in concentrated Solution of suiphate of potassa ; it dinsolves with difficulty 
in cold and also in h«>t water, but readily on addition of some hydrochloric acid. On 
heating the neutral Solution of sulph ite of thoria in cold water, it separates in the form 
of a beavy white curdy precipitate (difference between thoria an d alumina and berylla). 
This precipitate redi>solves in cold v«ater (in which it differs from titanic acid). Hypo- 
tulphite of soda preeipitates from neutral or slightly acid Solutions on boiling hyposul- 
phite of thoria mixed with sulphur ; the preeipitation, bowever, is not quiie complete 
(difference between thoria and yttria, erbia and oxide of didymium). 

3. Zirconia (ZrO t ). 

Found in zitron and some other rare minerals. A white powder insoluble in hydro» 
chlonc acid, soluble upon addition of water, after continued heating with a mixture of 
2 parte of hydrated sulphuric acid and 1 part of water. The hydrate resembles 
hydrate of alumina, dissolving readily in hydrochloric acio when preeipitated cold, and 
still moist, but with difficulty when preeipitated hot, or after drying. The zirconia 
Balis soluble in water redden litmus. The native Silicates of zirconia may be deconi- 

Eosed by fu.sion with carbouate of soda. The finely elutriated Silicate is fused at a 
igh temperature, together with 4 parte of carbonate of soda. The fused mass gives 
to water niHcate of soda, a sandy zirconate of soda being left behind, wbich is washed, 
and dissolves in hydrochloric acid. Zircon tnay easily be decomposed by fusion with 
acid fluoride of potassium at a red beat, fluosilieate of potassium and double rluoride of 
zirconium and potassium being produced. Potassa, soda, ammonia, and Sulpiride of 
ammonium precipitate from Solutions of zirconia salts a floeculent hydrate, wbich is 
insoluble in an excess of the preeipitant, even of soda and potassa (difference between 
zirconia and alumina and berylla), and is not nissolved even by boiling Solution of 
chloride of ammonium (difference between zirconia and berylla). Carbonate* of potassa, 
soda, and ammonia, tbrow down carbonate of zirconia asa floeculent precipitate, which 
redisHolves in a large excess of carbonate of potassa, more readily in bicarbonate of 
potassa, and most readily in carbonate of ammonia (difference between zirconia and 
alumina), from which Solution it preeipitates again on boiling. Oxalie acid produces 
a bulky precipitate of Oxalate of zirconi* (difference between zirconia and alumina and 
berylla), which is inso üble in oxalie acid, soluble in hydrochloric acid, soluble in ex« ess 
of Oxalate of ammonia (difference between zirconia and thoria). A concentrated Solu- 
tion of suiphate of potassa speedily pmduces a white precipitate of bulphate of zirconia 
and pota-Ra insoluble in excess of the preeipitant (difference between zirconia and 
alumina and berjlla), which — if preeipitated cold — dissolves readily in a large propor- 
tion of hydrochloric acid, but is almostabsolutely insoluble in water and in hydrochloric 
acid if preeipit-ited hot (difference between zirconia and thoria and protoxide of cerium). 
Suiphate of zirconia is diffieultly soluble in cold water, readily soluble in hot water 
(difference between zirconia and thoria). Carbonate of baryta does not precipitate 
zirconia salts completely, even upon boiling. Hydrofluoric acid does not precipitate 
zirconia salts (difference between zirconia and thoria and yttria). JJyposulphite of 
soda preeipitates zirconia salts (difference between zirconia and yttria, erbia, and oxide 
of didymium). The Separation of the hyposulphite of zirconia takes place on boiling 
even in the presence of 100 parts of water to 1 part of the oxide (difference between 
zirconia and protoxide of cerium and oxide of lanthanium). Turmeric paper dipped 
into Solutions of zirconia slightly aeidified with hydrochloric or suluhuric acid, acquires 
a brownish red color after drying (difference between zirconia and thoria). In the 
presence of titanic acid, which also has the effect of turning turmeric paper brown, 
treat the acid Solution with zinc ftrst, to reduce the titanic acid to oxide of titanium, 
the Solution of which does not affect turmeric paper (Pisani). 

4. Yttria (Y 0). 

Yttria is a rare earth found in gadolinite, orthite, yttro-tantalite. When pnre it is 

pale yellowish-white, when ignited in the oxidizing flame it emits a white li^ht (differenae 

between yttria and erbia) without Aising or vo'atilizing. In nitrio, hydrochloric, and 

dilute sulphuric acid it is diffieultly soluble in the cold, but on wann mg it dissolves 

completely täler some tiine. The Solutions are colorleas, and likewise the salts, they 
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have an «cid reaction and a sweetish astringent taste. Yttria does not combine with 
water. Yttria under no circumstances yiehis a spectrum, nor do the Solutions of ita 
salts abow any ahsorption bands (Bahr and Bünhen). Anhydrous chlonde of yttrium 
is not volatile (difference between yttria and alumina, berylla and zirconia.) Potassa 
precipitates white hydrate, which is insoluble in an excess of the precipitaht (difference 
between yttria and alumina and berylla). Ammonia and sulphide of ammonium pro- 
duce the wme reaction. Presence ofa small quantity of chlorige of ammonium will 
not prevent the precipitation by Sulpiride of ammonium ; but in presence of a large 
excess of Chloride of ammonium sulphide of ammonium fails to precipitate Solutions of 
amlta of yttria. Carbonates of the alkalies protiuce a white precipitate, which dissolves 
with diffieuity in carbonate of potassa, but more readily in bicarbonate of potassa and 
in carbonate of ammonia, though by no means so readily as the eorresponding berylla 
precipitate. The Solution of the pure hydrate in carbonate of ammonia deposits on 
boiling the whole of the yttria ; if Chloride of ammonium is present at the same time, 
this is decomposed upon continued heating, with Separation of ammonia, and the 
preeipitated yttria redissolvcs as chloride of yttrium. Saturated Solutions of carbonate 
of yttria in carbonate of ammonia have a tendency to deposit carbonate of yttria and 
ammonia, which should be borne in mind. Oxalic aeid produces a white precipitate 
(difference between yttria and alumina and berylla). The precipitate does not disKolve 
in oxalic aeid, but it dinsolves with diffieuity in dilute hydrochloric aeid, and it is par- 
tially diasolved by boiling with Oxalate of ammonia. Sulphate of yttria and 'potassa dis- 
tolvee readily in water and in a Solution of sujphate of potaßsa (difference between yttria 
and thoria, zirconia and the bases of cerite). Carbonate of baryta produces no precipitate 
in the cold (difference between yttria and alumina, berylla, thoria, oxide of ceriuin, and 
ozide of didymium), on boiling even the precipitation is incomplete. Turmeric paper 
m not altoed by aeidified Solutions of salt of yttria (ditfereuce between yttria and zir- 
conia). Tariarie aeid does not interfere with the precipitation of yttria l>y alkalies (charac- 
teristic difference between yttria and alumina, berylla, thoria, and zirconit). The pre- 
cipitate is tarfate of yttria. The precipitation ensucs only after «ome time, but it is 
eomplete. Hyposulphite of soda does not precipitate yttria (difference between yttria 
and alumina, thoria, zirconia, and titanic aeid). Hydrofluorie aeid produces a preci- 
pitate (here yttria differs fmm alumina, berylla, zirconia, and titanic aeid) ; the preci- 
pitate is gelatinoua, insoluble in water and hydrofluoric aeid ; before ignition it will 
diaaolve in mineral aeids, after ignition it is decomposed only by strong sulphuric 
aeid. A cold saturated Solution of the sulphate become* turbid whev heated to between 
80* and 40° ; on boiling almost the whole of the salt separates. Yttria gives clear 
colorless beads with borax and phosphate of soda and ammonia in both the outer and 
inner flame (difference between yttria and protoxide of ceriuin and oxide of didymium). 

5. Oxide of Ekbiüm (Er O). 

Oxide of erbium aecompanies yttria in gadolinite. * It is distinguished by ita fine 
rose color, it does not aiter on ignition in hydrogen, and does not fuse in the highest 
white heat. Wben strongly heated in the form of a spongy mass, it glows with an 
intens« green light. In nitric, hydrochloric, and sulphuric aeid it dissolves with diffi- 
euity, but on warming completely. Its salts have a more or less bright rose tint. which 
is stronger generally with the hydrated than with the anhydrous salts, they have an 
aeid reaction, and a sweetish astringent taste. The oxide of erbium does not combine 
directly with waler. The sulphate when hydrated dissolves in water with diffieuity, 
wben anhydrous it dissolves readily. The basic nitrate (2 Er O, N O s + 3aq.) forma 
bright rose oolored needle shaped crystals, which are difficultly soluble in nitric aeid, 
decomposed by water into nitric aeid and gelatinou* hy per basic salt, and yield the 
ozide on ignition. The Oxalate is a rose-colored, heavy sandy powder. Finally the 
ozide of erbium is most decidedly characterized by the absorptionspectrum whk-h is 

?Wen by the aolutions of its salts. Of the absorption-bands a lies between 71 and 
4, ß between 64*5, and 65 5, 7 between 32*6 aud 38*0, 8 between 85 aud 91 on the 
tpectrura table. If the solid ignited eanh is saturated with not too concentrated 
phosphoric aeid and reignited, a direct spectrum is obtained, the bright lines of which 
ooineide with the dark ones of the absorption-spectruin. With borax and microcosmic 



* M08AWDKB imagined that he had Reparated also another earth. namely, the oxide 
of terbium. Popp considered both earths to be mixtures of yttria with oxide of ceriuin 
and oxide of didymium. Delafontaink defended Mohander'ö view. However Bahr 
and BüNSEjr found in gadolinite only one other earth besides yttria, namely, oxide of 
«rbiom (AnnaL d. Chem. u. Ph&rm. 137, 1). 
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salt the oxide of erbiura gives beads which are clear and colorless when hot and also 
after cooling (difference between oxide of erbium and protoxide of cerium and oxide 
of didymium). 

In the Separation of oxide of erbium from yttria, which show a great Hkeness to 
each other in their deportment to reagents, Bahr and Bumsen makeuseof the different 
behavior of the nitrates when heated. The Separation is however not coinplete unlesa 
the process is repeated over and over again, compare op. cit., p. 3. 

6. Oxides of Cerium. 

Cerium is a rare metal ; it is found in the form of protoxide in cerite, orthite, Ac. 
It forma three oxide«, the protoxide (Ce 0), tbe sesquioxide (Ce.j0 3 ) and the peroxide 
(Ce 2 ) which are capable of entering into combination with each other. The hydrate 
of the protoxide is white, but turns yellow upon exposure to the air, by absorption of 
oxygen. By ignition in the air it is converted into oran^e-red or red sesquioxide 
(difference between it and the preceding earths). Hydrate of protoxide of cerium dis- 
solves readily in acids. Ignited sesquioxide of ceiium containing oxide of lanthanium 
and didymium dissolves readily in hydrochloric acid, with evolution of chlorine : in the 
pure State it dissolves very slightly in boiling hydrochloric acid, except upon addition 
of some alcohol (difference beiween oxide of cerium and thoria and zirconia) ; the Solu- 
tion contains protochloride. The sesquioxide dissolves in concentrated sulpburic acid, 
althouuh with difficulty ; it is hardly attacked by nitric acid. The sesquioxide obtained 
from the Oxalate when evaporated with nitric acid yields a basic salt, which gives an 
emulsion with water, and is not completely soluble in very considerable quantities of 
water (difference from thoria). The salts of protoxide of ceiium are colorless, occa- 
sionally with a slight shade of amethyst red ; the soluble protoxide salts redden litmua. 
Protochloride of cerium is not volatile (difference from aluniioa, berylla, and zirconia). 
The sulphate does not dissolve entirely in boiling water. Cerite (hydrated Silicate of 
protoxide of eerium 2 [Ce 0, La O, Di O] Si 3 + 2 aq.) does not dissolve in aqua regia; 
but is decomposed by fusion with carnonate of soda, and also by concentrated sul- 
phuric acid. Potassa precipitates white hydrate, which turns yellow in the air, and 
does not dissolve in an excess of the precipitanb (difference from alumina and berylla). 
Ammonia precipitates basic salt, which is insoluble in an excess of the precipitant. 
Carbonates of the alkalies produce a white precipitate, which dissolves sparingly in an 
excess of carbonate of potassa, somewhat more readily in carbonate of ammonia. Oxalic 
acid produces a white precipitate ; the precipitation is complele even in moderately 
acid solutioD8 (difference from alumina and berylla). The precipitate is not dissolved 
by oxalic acid ; but it dissolves in a larue proportion of hydrochloric acid. A saturated 
Solution of suljrfiatc of potassa precipitates, even fr<>in somewhat acid Solutions, white 
sulphate of potassa and protoxide of cerium (difference from alumina and berylla), 
which is difficultly soluble in cold water, readily soluble in hot water, and altogether 
insoluble in a saturated Solution of sulphate of pota>sa (difference from yttria). The 
precipitate may be dissolved by boiling with a large quantity of water, to which some 
hydrochloric acid bas been added. Carbonate of baryla precipitates Solutions of cerium 
salts slowly, but completely upon long-continued aciiou. Tartaric acid prevents pre- 
cipitation by ammonia (difference from yttria) but not by potassa. Uypowlphite of 
soda, does not precipitate cerium, even on boiling with very concentrated Solutions. The 
precipitated sulphur only carries down tract-s of ihe salt with it. If we oonduct cA Jon'*« 
through a Solution of protoxide of cerium not too acid and mixed with acetate of soda, 
or if we add hypochlorite of soda to such a Solution, all the cerium is precipitated as 
light yellow peroxide (free from didymium and lanthanium, Popp). If a salt of protoxide 
of cerium be dissolved in nitric acid, with addition of au equal volutne of water, and ifa 
small quantity of binoxide of lead be added, and the liquid be boiled for some min Utes, 
the Solution turns yellow, even if only small quantities of cerium be present. On 
evaporating this Solution to dryness, heating the residue tili a portion of the acid 
escapes, and treatingit with water aciditied with nitric acid, no cerium will be dissolved, 
but any didymium and lanthanium present will be dissolved (Gibbs). Solutions of 
salts of sesquioxide of cerium are precipitated in the cold by carbonate oj baryta. H>jpo- 
tulphite of soda precipitates a Solution of nitrate of sesquioxide of cerium. Borax 
and phosphate of soda and ammonia dissolve cerium oxides in the outer flame to 
yellowish red beads (difference from the preceding earths) ; the coloration gets fainter 
on cooling, and often disappeara altogether. In the inner flame coloriess beads are 
obtained. 

7. Oxide of Lanthanium. 

This oxide is generally found associated with protoxide of cerium. It is white and 
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remMXDB unaltered by ignition in the air (difference froro protoxide of cerium). In 
oontact with oold water it is slowly convetted iuto a milk-white hydrate ; with hot 
water tbe conversion ia rapid. The oxide and its hydrate change the color of reddened 
litmus-paper to blue, they dissolve in boiling Solution of chloride of ammonium, also 
in dilute acids. Oxide of laothanium in this resenibles magnesia. The salts of oxide 
of lanthanium are colorless ; the saturated soution of sulpbate of oxide of lanthanium 
in cold water deposits a portiou of the aalt already at 30° (difference from protoxide 
of cerium). StUphate of potassa, oxalic acid, and carbonate of baryta give the same 
reactioua at with protoxide of cerium. Potassa precipitates hydrate, which is insoluble 
in an excess of the precipitaut, and does not turn brown in tue air. Ammonia preci- 
pitates basic salts, which pass milky through the filter on washing. The precipitate 
produced by carbonate of ammonia is insoluble in an excess of tbe precipitant 
(difference from protoxide of cerium). If a cold dilute Solution of acetate of oxide of 
lanthanium is superaaturated with ammonia, tbe slimy precipitate repeatedly washed 
with cold water, and a little iodine in powder added, a blue colurution makes its appear- 
ance, which gradually pervades the entire mixture (characteristic difference between 
oxide of lanthanium and the other eartbs). 

8. Oxide of Didtmium. 

This oxide, like the oxide of lanthanium and in conjunction with it, isfound associated 
with the protoxide of cerium. After intense ignition it appears white, meisten ed 
with nitric acid, and feebly ignited dark -brown, after intense ignition again white. In 
oontact with water it is slowly converted into hydrate ; it rapidly attracls carbonio 
acid ; its reaction is not aikaline ; it dissolves readily in acids. Tbe concentrated 
Solutions bare a reddish or a faint violet color. The ni träte on heating is first con- 
verted into a basic salt (4 Di O, N 6 + 5 aq., difference from lanthanium) which is gray 
when bot and also when cold (difference from erbium). The chloride is not volatile. 
Tbe saturated Solution of the sulpdate deposits salt, not at 30°, but upon boiling. 
Pottusa precipitates hydrate, which is insoluble in an excess of the precipitant, aud 
does not alter in the air. Ammonia precipitates basic salt, which is insoluble in am- 
monia, but Blightly soluble in ch oride of ammonium. Carbonates of the alhalies pro- 
dnee a copious precipitate, which is insoluble in an excess of the precipitant, even in an 
excess of carbonate of ammonia (difference from protoxide of cerium), but dissolves 
slightiy in concentrated solutiou of chloride of ammonium. Oxalic acid precipitates 
salts of oxide of didymium almobt completely ; tbe precipitate is difncultly soluble in 
cold hydrochloric acid, but dissolves in tbat menstruum upon application of heat. 
Carbonate of baryta precipitates oxide of didymium from its Solutions slowly (more 
slowly than protoxide of cerium and oxide of lanthanium), and never completely. A 
concentrated Solution ofsulphate of potassa precipitates didymium Solutions more slowly 
and lese completely than protoxide of cerium Solutions. The precipitate is insoluble in 
Solution of sulpbate of potassa, and in water (Di-Lafontaine), but it dissolves in bot 
hydrochloric acid with difficulty. Byposvlphite of soda does not precipitate Solutions 
of didymium« Oxide of didymium gives with borax in both flames a nearly colorless 
bead, which in tbe presence of large qunntities lias a faint amethyst-red tinge. Phos- 
phate of toda and ammonia dissolves the oxide in the leducing flame to an amethvst- 
red bead inclining to violet. With carbonate of soda in the outer flame a grayish 
white maus is obtained (difference from manganese). The ab*orption-*pectrum given 
by tbe Solution of the salts is pecuÜarly characteristic for didymium. This was first 
described by Gladstone, and after wards by O. L. Ekdmann and Dklafontainr. 
Bahr and Bonben bave laid down the exaet position of the bands (Zeitschr. f. anal. 
Chem. 5, 110). A direct spectrum may also be obtained from didymium as from 
erbium, but it is by no means well marked. 

For the Separation of cerium from lanthanium and didymium, one of the following 
methods may be used: — a. Nearly neutralize the Solution of the tbree metals, if acid, 
whhout allowing any permanent precipitate t<> form, add a sufficient quantity of acetate 
of soda and an excess of hvpochlorite of soda, and boil for some time; the cerium will 
fall as peroxide, while lanthanium and didvmium retnain in Solution. (Popp, Ann. d. 
Chero. u. Phar., 181, 860). 6. Precipitate the metals with potassa, wash, suspend 
the precipitate in potassa, and pass chlorine. Lauihanium and did\raium dissolve ; 
the peroxide of cerium remains behind. (Damoür and St. Claire Devillb, Compt. 
Bend., 59, 272). c. Dissolve in a large excess of nitric acid ; boil with peroxide of 
lead ; evaporate tbe orange colored Solution to dryness, and heat the residue tili a 
portioo of the acid escapes; treat with water aeidulated with nitric acid, and separate 
the insoluble basic nitrate of sesquioxide of cerium from the Solution which cootaina all 
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the lanthanium and didymiuin. (Gl BBS, Zeitschr. f. anal. Chem., 3, 396). In using 
the last method, before proceediug with the residue or Solution, the lead inust be firat 
aeparated by sulphuretted hydrogen. d. Heat the Chromate« to 110°, and treat witb 
bot water to extract the undecomposed Compounds of lanthanium and didymium. The 
oerium remaina behind as insoluble sesquioxide (Pattinson and Clark, Chem. News, 
16, 259). From the Solution of lanthanium and didymium obtained by one or otherof 
the above method s, the bases are precipitated with Oxalate of ammonia, the Oxalates 
are ignited, and the oxidea thus obtained are treated with dilute nitric acid. If the 
Separation of cerium was incomplete, the remainder of the cerium will here remain 
behind The Solution is evaporated in a disli with a flat bottom to drynesa and heated 
to 400° — 500°. The aalts fuse ; nitrous funies escape. The residue is treated with bot 
water, which dissolves the ni träte of lanthanium, leaving behind gray basic nitrate of 
didymium. By a repetition of the evaporation, &c, the two hases niay be satisfactorily 
aeparated. (Damoub and St. Clairk Deville.) Another method of Separation, 
which ishowever less complete, consists in Converting the didymium and lanthanium 
into sulphates, making a saturated Solution of the dry aalts in water at 5° or 6°, and 
heating the bolution to 30°, when the sulpbate of lanthanium is for the most part thrown 
down and the sulpbate of didymium is for the most part hehl in Solution. For another 
method of separating lanthanium and didymium, which requires tbe presence of a con- 
siderable quantity of cerium, compire Cl. Winkleu (Zeitschr. f. anal. Chem. 4, 417.) 

9. Titanic Acid. 

Titan iura form 8 two oxides, sesquioxide of titanium (TL/) 4 ) and titanic acid (TI 0,). 
The latter is somewhat more frequeutly met with in analyms. 1t is found in the free 
State in rutile and anatase, in combination with bases in titanite, titaniferous iron, &c. 
It is found in small proportions in many iron ores, in clays, and generally in Silicates, 
consequeutly also in blast furnace 8 lag«. 'lhe small copper-coloured cubes which are 
occasionally found in such slags consist of a combination of Cyanide of titanium with 
nitride of titanium. Feebly ignited titanic acid is white ; it transiently acquires a 
lemon tint when heated ; very intense ignition gives ayellowi&h or brownish tint to it. 
It is infusible, insoluble in water, and it* specific gravity is 3*9 to 4*25. The chloride 
(Ti Cl 3 ) is a colorless volatile fluid, fuming strongly in the air. 

a. Dtportment with aeids and reactiovs oj acid Solutions of titanic acid. — Ignited 
titanic acid is insoluble in aeids, except in hyrirofluoric acid and in c<<ncentrated sul- 
phuric acid. If the Solution in hydrofluoric acid is evaporated with sulphuric acid, no 
fluoride of titanium will volatilize (difference from siiicic acid.) With bi sulpbate of 
potassa it gives lipon sufhciently long-continued funion a clear mass, which is completely 
soluble in a large proportiou of cold water. Titanic is very easily obiained in tbe State 
of a clear Solution, by fusing with acid fluoride of potassium and dissolving the fusion 
in dilute hydrochloric acid. The fluoride of potassium and titanium is difficultly 
soluble in water, 1 part requiring 96 parts at 14°. Hydrate of titanic acid dissolves, 
both moist and when dried without the aid of heat, in dilute aeids, especially in hydro- 
chloric and Bulphuric aeids. All the Solutions of titanic acid in hydrochloric or sul- 
phuric acid, but more particularly the latter, when subjeeted in a highly dilute State 
to lony-cotdinued boiling, deposit titanic acid as a white powder (hydrated metatitanic 
acid) insoluble in dilute aeids. Presence of inuch free acid retards the Separation and 
diminishes the quantity of the preeipitate. The preeipitate which separatem from the 
hydrochloric acid Solution niay, indeed, be filtered, but it will pass niilky through the 
filter upon washing, except an »cid or chloride of atnmonium be added to the washing 
water. Solution of potassa throws down from Solutions of titanic acid in hydrochloric 
orsulphuric acid hydrate of titanic aeidas a bulky white preeipitate, which is insoluble 
in an excess of the preeipitant ; ammonia, sulphidc of ammonium, and carbonate of 
baryta act in the same way. The preeipitate, thrown down cold and washed with cold 
water, is soluble in hydrochloric acid and in dilute sulphuric acid ; presence of tartaric 
acid prevents its formation. Fcrrocyanide of potamum produces in acid Solutions of 
titanic acid a dark-brown preeipitate ; infiurion of galls a brownish preeipitate, which 
speedily turns orange-red. Ün boiling a Solution of titanic acid with kyposiUphite of 
soda, the whole of the titanic acid is ihrown down. Phosphate of soda throws down 
the titanic acid almost completely as phosphate of titanic acid even from Solutions con- 
taining much hydrochloric acid. The washed preeipitate consists of 2 Ti O r PO t 
(Merz). Zinc or tin produces after some time a pale violet or blue coloration ; sub- 
sequently a blue preeipitate, which gradually becomes white. The coloration is caused 
by the reduetion of the titanic acid to sesquioxide of titanium. If tothe blue but still clear 
Solution potassa or ammonia is added, blue hydrated sesquioxide of titanium separates, 
which iß gnulusdly con vertedinto white hydrated titanic acid with deoomposition of water. 
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Tbe reductionof titanic »cid in hydrochloric Solution takee place also in the presenceof 
fluoride of potaasium (difference from niobic acid), the fluid becoming brigbt green. 
The Solutions of chloride of titanium in water have properties whicb vary according to 
their preparation with hotor cold water. The Solution prepared with cold water is not 
precipitated by sulphuric acid, nor by hydrochloric, nur by nitric, it is precipitated by 
phosphoric acid, arsenic acid, or iodic aoid ; but if tbe Solution be boiied only for a few 
8econds it becomes slightly opalescent, and so far modified that hydrochloric and nitric 
acids produce white precipitated in it which are insoluble iu excess of tbe acids, sul- 
phuric acid also precipitates it, but an excess rediasolves the precipitate. The Solution 
?repared in the <-old contains titanic acid, the boiied Solution contains meta titanic acid. 
'he difference alsoattaches to the hydrates. (K. Weber, Pogg. Ann. 120, 287.) 
6. Readions with alkalies. — Kecently precipitated hydrate of titanic acid is almost 
absolutely insoluble in Bolution of potas.w. If titanic acid is fused with hydrate of 
potassa, and the fused mass treated with water, the Solution contains a little more 
titanic acid. By fusion with carbonates of the alkalies neutral titanates of the alkalies 
are formed, with expulsion of carbonic acid. Water extiacts from the fused mass free 
alkali and al kaiin e carbonate, leaving beldnd acid titanate of alkali which dissolves in 
hydrochloric acid. Titanic acid mixed with charcoal gives upon ignuion in a ttreamof 
chlorine chloride of titanium as a volatile liquid, which emits copious fumes in the air. 
Phosphate oftoda and ammonia dissolves titanic acid in the point of the outer blow- 
pipe flame to a colorless bead but with difficulty, in the outer flame in front of the 
point of the inner flame titanic acid disHolves readily and in considerable quantity. If 
the clear and colorless bead is again held in the point of the outer flame, it becomes 
opaque if sufficiently suturated, and by continued action of the flame titanic acid will 
separate in microscopic crystals of the form of anata.se (G. Robe). If the bead is held 
in agood reducing flame for some time, it will appear ytll«»w while bot, red while cool- 
ing, and violet when cold. The reduetion \h promoted by the addition of a little tin. 
If some protosulphate of iron is added, the bead obtaiued in the reducing flame will 
appear blood-red. 

10. Tantalic Acid.* 

Tantalum fortns with oxygen the tantalic acid, TaO s (Ta=182), the existence of a 
lower oxide is probable, but its formula and properties have not been made out. 
Tantalic acid occurs in columbite and tantalite (almost always in conjunction with 
niobic acid). Tantalic acid is white, pale yellowish when hot (difference from Ti O s ), 
when separated in the wet way it contains water of hydration. The anhydrous acid 
bas a specific gravity of 7*6 — 8'01. Tantalic acid is not reduced by ignition in a 
current of hydroyen. It combines with acids as well as with bases. 

a. Acid tolutions. — When the acid is intimately mixed with charcoal, and iguited 
in a current of dry cldorine, the chloride of tantalum (Ta Cl 4 ) is formed. The latter is 
yellow, solid, fusible, and can be sublimed ; it is completely decomposed by water, with 
Separation of tantalic acid ; it is entirely soluble in sulphuric acid, almost soluble in 
hydrochloric acid, and partially soluble iu pota&sa Solution. If titanic acid is present, 
on treating the mixture of acids and charcoal with the current of cbl rine, the chloride 
of titanium will be formed and will fume strongly in the air. Hydrated tantalic acid 
dissolves in hydrofluoric acid % the Solution when mixed with fluoride of potassium yields 
a very characteristic salt in fine needlen (2 K F, Ta F 5 ), which is distinguished by its 
difficult solubikity in water acidified with hydrofluoric acid (1 of the acid to 150 or 200 
of water). Hydrochloric and concentrated sulphuric acid do not diHsolve the igmted 
acid. With bisulphate of potassa it fuses to a colorless mass ; if thia is treated with 
water, the tantalic acid combined with sulphuric acid remains undissolved (difference 
between tantalic acid and titanic acid, but cannot be made the ground of a method of 
Separation). When iguited in an atmonphere of carbonate of ammonia, the eulphate of 
tantalic acid is converted into pure tantalic acid. If a Solution of alkaline tantalate in 
mixed with hydrochloric acid in excess, the first- formed precipitate redissolves to an 
opalescent fluid. Ammonia and svlphide of ammonium precipitate from this fluid tbe 
hydrate or an acid tant tlate of ammonia, but tartaric acid prevents tbe precipitation. 
Sulphuric acid precipitates sulphate of tantalic acid from the opalescent fluid. When 
acid Solutions of tantalic acid are bmught into contact with zinc, no blue coloration is 
obsenred (difference between tantalic acid and niobic acid). 

6. Bchavior to alkalies. — By continued fusion with hydrate of potassa tantalate of 



• The resnlts of the recent investigations on tantalic and niobic acids by Marionag; 
Blomstrand, DEViLUsand Troost, and Hermajsn will be found in Zeittchr. f. anal. 
Chem. 5, 384 ei seq. and 7, 104 et seq. 
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potawa is formed ; the fused mass dissolves in water. By fusion with hydrafe ofsoda 
a turbid mass is obtained ; a Utile water poured on this mass will dis-?olve out the 
excess of soda, leaving the whole of the tantalate ofsoda undissolved, as this latter salt 
is insoluble in Solution of soda ; but the tantalate ofsoda will dissolve in water after 
the removal of the excess of soda. Solution of soda throws down from this Solution 
the tantalate of soda; if the precipitant be added slowly, the form of the precipitate is 
crystalline. Carbonic acid throws down from Solutions of tantalates of the alkalies acid 
■alte, which are not dissolved by boiling wit'i Solution of carbonate of sod-t. Sulphuric 
acid throws down even from dilute Solutions of tantalates of the alkalies sulphate of 
tantalic acid ; ferrocyanide of potassium and infusion of galls produoe precipitates only 
in acidified Solutions ; the precipitate produced by the former is yellow, by the latter 
ligbt brown. Phosphate of soda and ammonia dissolves tantalic acid to a colorless 
bead, which is colorless also when not, remains colorless even in tbe inner flame, and 
does not acquire a blood-red tint by addition of sulphate of protoxide of iron (difference 
between tantalic acid and titauic acid) . 

11. Niobio Acid. 

Niobium (Nb = 94) combines with oxygen in several proportiona. NbO,.Nb0 4 
are oxides, Nb 6 (niobic acid) is an acid. It is ocoasionally found in colurabite, 
samarskite, &c, and it is usually accompanied by tantalic acid. It is white, butturns 
transiently yellow when ignited (difference between niobic acid and tantalic aeid). Its 
specific gravity lies between 4*37 to 4 53 (difference between niobic acid and' tantalic 
acid). By strong ignition in hydrogen the niobic acid is converted into black Nb 4 . 
Niobic acid combines both with bases and acids. 

a. Acid Solutions of niobic acid, — Concentrated sulphuric acid dissolves the acid on 
heating, unless it has been too strongly ignited. On the addition of much coM water, 
a olear Solution is obtained. On fusing with bisulphute of potassa it dissolves readily 
to a colorless mass, and on treating the fusion with boiling water niobic acid containing 
sulphuric acid remains undissolved. which however is readily soluble in hydrofiuoric 
acid, see below. By mixing niobic acid intimitely with charcoal and treating with a 
current of chlorin c, a mixture is obtained of white infusible diffioultly volatile oxychlo- 
ride (NbO a CI 3 )and yellow more volatile chlonde(NbCl Jl ). Treated with water both 
Compounds give turbid fluid«, in which a portion of the niobic acid is separated, but 
the larger portion is dissolved. By boiling with hydrochloric acid and afterwards 
adding water the Compounds give clear Solutions, which are not precipitated by boiling 
or by sulphuric acid in the cold (difference from chloride of tantalum). By igniiing 
niobic acid in the vapor of chloride of niobium the oxychloride is formed (difference 
from tantalic acid). From the acid Solutions of niobic acid ammonia and Sulpiride of 
ammonium throw down hydrate of niobic acid containing ammonia ; this and generally 
tbe unignited f>rms of niobic acid dissolve in hydrofiuoric acid. The Solution when 
mixed with fluoride of potassium gives fluoride of potassium and niobium (K F, Nb F ft ) 
when hydrofiuoric acid is in excess, otherwise it gives a combination of fluoride of 
potassium and oxyfluoride of niobium (K F, Nb 0,F 3 ). The latter salt is also obtained 
when niobate of potassa is dissolved in hydrofiuoric acid ; it is readily soluble in cold 
water, one part dissolving in 12 5 parte (difference from fluoride of potassium and 
titanium, which r< quires 96 parte of water, and from fluoride of potassium and tantalum 
which requires 200 parte of water). On digesting a hydrochloric or sulphuric acid 
Solution of niobic acid with zinc or tin, it acquiies a blue and generally also a brown 
color, in consequence of the reduction of the niobic acid to lower oxides. In the 
presence of alkaliue fluorides the reduction does not take place (difference between 
niobic acid and titanic acid). 

6. Alkaline Solutions. — With hydrate of potassa niobic acid fuses to a clear mass, 
soluble in water. To hydrate of soda niobic acid shows the saine deportment as 
tantalic acid. From the Solution of niobate of potassa, Solution of soda precipitates 
an almost insoluble niobate ofsoda. On boiling a Solution of niobate of potassa with 
bicarbonate of potassa an almost insoluble acid niobate of potassa is tbrown down. On 
fuß mg niobic acid with carbonate of soda and boiling the fusion with water, a crystal- 
line acid niobate of soda remains undissolved. Carbonic acid, when passed into Solution 
of niobate of soda precipitates all the niobic acid as an acid salt. Phosphate ofsoda 
and ammonia dissolves niobic acid readily ; the bead held in the outer flame appeara 
colorless a* long as it is bot ; tbe bead held in tbe inner flame has a violet, blue, or 
brown color, according to the quantity of the acid present, and a red color on the 
addition of sulphate of protoxide of iron. 

For the best methods of de tecting the whole of the members of the third group in 
presence of each other, see Part II., Section III. 
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§ 105. 
FOURTH OROUP. 

More common oxides : — Oxide of Zinc, Protoxide of Man- 

GANESE, PROTOXIDEOF NlCKEL, PrOTOXIDE OF COBALT, PROTOXIDE 

of Iron, Sesquioxide of Iron. 

Rarer oxides : — Sesquioxide of Urantum, Protoxide of 
Thallium. Oxide of Indium, Oxides of Vanadium. 

Properties of the Group. — The Solutions of the oxides of the fourth 
group, if containing* a strong"er free acid, are not precipitated by hydro- 
sulphuric acid; nor are neutral Solutions, at least not completely. But 
alkaline Solutions are completely precipitated by hydrosulphuric acid ; 
and so are other Solutions if a sulphide of an alkali metal is used as the 
precipitunt, instead of hydrosulphuric acid.* The precipitated metallic 
sulphides corresponding to the several oxides are insoluble in water ; 
sorae of them are readily soluble in dilute acids; others (sulphide of nickel 
and sulphide of cobalt) dissolve only with very ^reat difficulty in these 
menstrua. Some of them are insoluble in sulphides of the alkali metals, 
others (nickel) are sparinjjfly soluble in them, under certain circum- 
stances, whiist others agfain (vanadium) are completely soluble. The 
oxides of the fourth group ditfer acconlingly from those of the tirst and 
second groups in this, that their Solutions are precipitated by sulphide of 
ammonium, and from those of the third group inasrnuch that the preeipi- 
tates produced by sulphide ofammoniuin are sulphides, and not hydrated 
oxides, as is the case with alumina, sesquioxide of chromium, &c. 

Special Reactiovs of the more common Oxides of the fourth group* 

S 106. 
a. Oxide of Zinc (Zn 0). 

1. Metallic zinc is bluish -white and very bright ; when exposed to 
the air, a thin coating of basic carbonate of zinc forms on its surface. 
It is of medium hardness, malleable at a temperature of between 100° and 
150°, but otherwise more or less brittle ; it fuses readily on charcoal 
before the blowpipe, boils afterwards, and burns with a bluish-g^reen 
flame, gi^ing off white fumes, and coating the charcoal support with 
oxide. Zinc dissolves in dilute hydrochloric and sulphuric acids, with 
evolution of hydrogen gas; in dilute nitric acid, with evolution of 
nitrous oxide ; in more concentrated nitric acid, with evolution of nitric 
oxide. 

2. The oxide of zinc and its iiydrate are white powders, which 
are insoluble in water, but dissolve readily in hydrochloric, nitric, and 
sulphuric acids. The oxide of zinc acquires a lemon-yellow tint when 
heated, but it resumes its original white color upon cooling. When 
ignited before the blowpipe, it shines with considerable brilliancy. 

3. The salts of oxide of zinc are colorless; part of them are soluble 
in water, the rest in acids. The neutral salts of zinc which are soluble 
in water redden litmus-paper, and are readily decomposed by heat, 

* Vaoadic »cid bebav« in a peculiar way to sulphide of ammonium, see § 118, d. 
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with the exception of sulphate of zinc, which can bear a dull red heat 
without undergoing decomposition. Chloride of zinc is volatile at a red 
heat. 

4. Hydrosulphuric acid precipitates from neutral Solutions a portion of 
the metal as white hydrated sulphide of zinc (Zn S). In acid Solutions 
this reagent fails altogether to produce a precipitate if the free acid pre- 
sent is one of the stronger acids ; but from a Solution of oxide of zinc in 
acetic acid it throws down the whole of the zinc, even if the acid is pre- 
sent in excess. 

5. Sulphide of ammonium throws down from neutral and hydrosul- 
phuric acid from alkaline Solutions the whole of the metal as hydrated 
sulphide of zinc, in the form of a white precipitate. Chloride of 
ammonium greatly promotes the Separation of the precipitate. From 
very dilute Solutions the precipitate separates only after long Standing. 
This precipitate is not redissolved by an excess of sulphide of ammonium, 
nor by potassa or ammonia ; but it dissolves readily in bydro- 
chloric acid, nitric acid, and dilute sulphuric acid. It is insoluble in 
acetic acid. 

6. Potassa and soda throw down hydrated oxide of zinc (Zn 0, 
H 0), in the form of a white gelatinous precipitate, which is readily and 
completely redissolved by an excess of the precipitant. Upon boiling 
these alkaline Solutions they remain, if concentrated, unaltered ; but 
from dilute Solutions nearly the whole of the oxide of zinc separates 
as a white precipitate. Chloride of ammonium added to alkaline Solu- 
tions, not containing a large excess of potassa or soda, produces a white 
precipitate of hydrated oxide of zinc, which, however, redissolves on 
addition of more chloride of ammonium (diiference between oxide of 
zinc and alumina). 

7. Ammonia also produces in Solutions, if they do notcontain a large 
excess of free acid, a precipitate of hydrated oxide of zinc, which 
readily dissolves in an excess of the precipitant The concentrated Solu- 
tion turns turbid when mjxed with water. On boilinjj the concentrated 
Solution part of the oxide of zinc separates immediately ; on boiling the 
dilute Solution all the oxide of zinc precipitates. Ammonia salts interiere 
with these precipitations more or less. 

8. Carbonate of soda produces a precipitate of basic carbonate of 
zinc (3 [Zn 0, H O] + 2 [Zn O, C O f ] + 4 aq.), which is insoluble in an 
excess of the precipitant. Presence of salts of ammonia in great excess 
prevents the formation of this precipitate. 

9. Carbonate of ammonia also produces the same precipitate of basic 
carbonate of zinc as carbonate of soda ; but this precipitate redis- 
solves upon further addition of the precipitant. On boiling the dilute 
Solution oxide of zinc precipitates. Ammonia salts interiere with this 
precipitation more or less. 

jV.B. Non-volatile organic acids more or less interfere with the pre- 
cipitation of Solutions of zinc, by the caustic and carbonated alkalies. 
Sugar does not prevent the precipitations. 

10. Carbonate ofbaryta fails to precipitate Solution of salts of zinc in 
the cold, with the exception of the sulpliate. 

11. Ferroct/anide ofpotassium throws down ferrocyanide of zinc 
(2 Zn, Cfy) as a white slimy precipitate, somewhat soluble in excess of 
the precipitant, insoluble in hydrochloric acid. 

12. Ferricyanide of potussium throws down fe rri Cyanide of zinc 
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(3 Zn, Cfdy) as a brownish orange-yellow precipitate, soluble in hydro- 
chloric acid and in ammonia. 

13. If a mixture of oxide of zinc. or one of its salts with carbonate 
of soda is ezposed to the reducinfj flame of the blowpipe, the charcoal 
support becomes covered with a slight coating of oxide of zinc, which 
presents a yellow color whilst bot, and turns white upon cooling. This 
coating is produced by the reduced raetallic zinc volatilizing at the 
moment of its reduction, and being reoxidized in passing through the 
outer flame. The metallic incrustation obtained according to 
p. 25 is black with a brown edge, the incrustation of oxide is 
white, and therefore invisible lipon porcelain. It may be dissolved in 
nitric acid and examined according to 14. 

14. If oxide of zinc or one of the salts of zinc is moistened with 
Solution of nürate of protoxide of cobalt, and then heated before the 
blowpipe, an unfused mass is obtained of a bcautiful oreen color : this 
mass is a Compound of oxide of zinc with protoxide of cobalt. If there- 
fore in the first experiment described in 13 the charcoal is moistened 
around the little cavity with Solution of cobalt, the coating appears 
green when cold. This testmay be applied with great delicacy oy mixing 
the Solution to be tested with a very little of the cobalt Solution (not 
enough to give a bright red color), adding carbonate of soda in slnrht 
excess, boifing, filtering off, washing, and igniting on platinum foil. 
On triturating the residue the green color may be distinctly and readily 
observed (Bloxam). 

§ 107. 
b. Protoxide of Manoanese (Mn O). 

1. Metallic manoanese is whitish-gray, dull, very hard, brittle, 
and fuses with very gTeat difficulty. It oxidizes rapidly in the air, and 
in water with evolution of hvdrogen, and crumbles to a dark gray 
powder. It dissolves readily in acids, the Solutions contain protoxide. 

2. Protoxide of manoanese is light green ; the hydrated prot- 
oxide is white. The former smoulders to brown protosesquioxide when 
heated in the air, the latter even at the ordinary temperature rapidly 
absorbs oxygen frorn the air and passes into brown hydrated protosesqui- 
oxide. They are readily soluble in hydrochloric, nitric, and sulphuric 
acids. All the higher oxides of manoanese without exception 
dissolve to protochloride, with evolution of chlorine, when heated with 
hydrochloric acid ; to sulphate of protoxide, with evolution of oxygen, 
when heated with concentrated sulphuric acid. 

3. The salts of protoxide of manoanese are colorless or pale 
red : part of them are soluble in water, the rest in acids. The salts 
soluble in water are readily decomposed by a red heat, with the excep- 
tion of the sulphate. The Solutions do not alter vegetable colors. 

4. HydromUphurie acid does not precipitate acid Solutions ; neutral 
Solutions also it fails to precipitate, or precipitates them only very 
imperfectly. 

5. Sulphide of ammonium throws down from neutral, and hydrosul- 
phuric acid from alkaline Solutions the whole of the metal as hydrated 
sulphide of manoanese (Mn S), in form of a light flesh-colored* pre- 
cipitate, which acquires a dark- brown color in the air; this precipitate 

• If Um quantity of the precipitate is ooly trifliug, the oolor appears yellowish white. 
1. I 
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in infloluble in snlphide of ammoninm and in alkalies, bnt readilj soluble 
in hydrocliloric, nitric, and acetic acids. The Separation ofthe precipi- 
tate in materially promoted by addition of chloride of ammonium. From 
very dilute Solutions the precipitate separates only after Standing" some 
time in a warm place. Oxalate of ammonia, tartrate of ammonia, and 
eupwially citrate of ammonia retard the precipitation, the latter salt also 
keeps iip some of the man^anese. In the presence of ammonia and 
milphide of ammonium in larg-e excess, the flesh-colored hydrated preci- 
pitate orwHHionully passes into tlie jrreen anhvdrous sulphide even in the 
cold, the chang-e being preatly facilitatedby ooilingr, and being hindered 
niore or less by the presence of chloride of ammonium. Solutions 
con tili niiifr much free ammonia must first be nearly neutralized with 
hydrocliloric aeid. 

0. Potatm, soda, and ammonia produce whitish preeipitates of 

HYDRATK OF PROTOXIDE OF MANGANESE (Mn 0, H 0), Wllicll upon 

exposure to the air speedily acquire a brownish and finolly a deep 
blackinh-hrown color, owing to the conversion of the hydrated protoxide 
into hydrated ])rotose8(juioxide by the absorption of oxygen from the 
air. Ammonia and earoonate of ammonia do not redissolve this precipi- 
tate ; but presence of chloride of ammonium prevents the precipitation 
by ammonia altojrether, and that by potassa partly. Of already fonned 
preeipitates Solution of chloride of ammonium redissolves only those parts 
whicii have not yet undergone peroxidation. The Solution of the 
hydrated j>rotoxide of man»anese in chloride of ammonium is owing 1 to 
tlie disnosition of the salts of protoxide of manganese to form double 
Halts with salts of ammonia. The ammoniacal Solutions of these double 
Halts turn brown in the air, and deposit dark-brown hydrate of proto- 
aosouioxido of manjrauese. 

iN'.ll. IS'on-volutile orjranic acids impede the precipitation of man- 
ganose by alkalies am! alkaline carbonates. Sugpar impedes the precipi- 
tation bv alkalies, but not that bv alkaline carbonates. 

?. Ferrocyanide of potassium throws down FERROCYANIDE OF MAX- 
oanksk (t? Mn, Cfy) as a reddish-white precipitate, soluble in hydro- 
cliloric aeid. 

8. Fvrricyamde of potamum preeipitates brown ferricyaxide of 
makoanksi: i3 Mn, Ofdv) insoiuble in hvdrochloric aeid and ammonia, 

0. It n few drops of a fluid containin<r protoxide of nianpanese, and 
free from chlorino, are sprinklod on bimuride of lead or r<*i-kad % and 
nitric aeid froe from chlorine is added, the mixture boiled and allowed 
to settle, the fluid aequires a red color, from the formation of pennan- 
ganio aeid (Hoppk-Skylkr). 

10. Oirkmat? tfb*trt,tu does not precipitate protoxide of manganese 
froni a^ueous Solutions of its salts unon disrestion in the coli* with the 
exception of sulphate of protoxide of nian*ranese. 

11. If any Compound of mans*anese. in a State of minute division, is 
ftiMHi with *J or tf parts of turit^Httte *f sul* on a platinum wire, or on a 
su.all strip of platinum toil theated by directus? the tianie upon the lower 
suitace^ iu the «*:cr tlame of the ßunstn or blowpipe, maxuamte of 
soi* \ • Na O, Mu O^ is fonned« ^hi h makes the rused niass apTvar greex 
white bot. and of a wli ish-orf.ex tint after cooünir. the U:ad ai the 
samo hmo lo$it.£ its transparvney. This reaeücn enables u» to detect 
th* v»v?»t]ost ?r»cv* of utaiica&t'St. 

1£. Jtaur aiai /*U^i«uv rf *4i «i «sau«» tüssolr* mangmnes* 
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Compounds in the outer gas or blowpipe flame to clear violet-red beads, 
which upon cool in g- acquire an amethyst-red tint : they lose their 
color in the inner Harne, owing to a reduction of the sesquioxide to 
protoxide. The borax bead appears black when containing a con- 
siderable portion of sesquioxide of manganese, but that formed by 
phosphate of soda and ammonia never loses its transparency. The latter 
loses its color in the inner flame of the blowpipe far inore readily than 
the former. 

§ 108. 

c. Protüxide of Nickel (Ni 0). 

1. Metallic nickel in the fused State is yellowish white, inclin- 
ing to gTay ; it is bright, hard, malleable, difficultly fusible ; it does not 
oxidize in the air at the common temperature, but it oxidizes slowly 
upon ignition ; it is attracted by the magnet and may itself become 
magnetic. It slowly dissolves in hydrochloric acid and dilute sulphuric 
acid upon the appiication of heat, with evolution of hydrogen gas. It 
dissolves readily in nitric acid. The Solutions contain protoxide of 
nickel. 

2. Hydrate of protoxide of nickel is light green, and re- 
mains unaltered in the air, but is converted by ignition to whiteness 
into green protoxide of nickel. Both the protoxide and its hydrate 
are readily soluble in hydrochloric, nitric, and sulphuric acids. But 
the protoxide which crystallizes in octahedrons is insoluble in acids ; it 
dissolves, however, in fusing bisulphate of potassa. Sesquioxide of 
nickel is black; it dissolves in hydrochloric acid to protochloride with 
evolution of chlorine. By gentle ignition of the nitrate, a protoxide 
containiug a little sesquioxiae of grayish-green color is obtaincd. 

3. Most of the salts of protoxide of nickel are yellow in the 
anhydrous, green in the hydrated State ; their Solutions are light green. 
The soluble neutral salts slightly redden litmus-paper, and are decom- 
posed at a red heat. 

4. Hydrosnlphuric acid does not precipitate Solutions of salts with 
strong acids in presence of free acids ; in the absence of free acid a 
small portion of the nickel gradually separates as black sülphide of 
nickel (Ni S). — Acetate of protoxide of nickel is not precipituted, or 
scarcely at all, in presence of free acetic acid. But in the absence of 
free acid the greater part of the nickel is thrown down by long- 
continued action of hyarosulphuric acid. 

ö. Sülphide of ammonium produces in neutral, and hydrosnlphuric 
acid in alkaline Solutions, a black precipitate of hydrated sülphide of 
nickel (NiS), which is not altogether insoluble in sülphide of ammo- 
nium, especially if the latter contain free ammonia; the fluid from 
which the precipitate has been thrown down exhibits therefore usually 
a brownish color. The presence of chlor ide of ammonium, and stiÜ 
more of acetate of ammonia, considerably promotes the precipitation. 
Sülphide of nickel dissolves scarcely at all in acetic acid, with great 
dimculty in hydrochloric acid, but readily in nitro-hydrochloric acid 
upon appiication of heat. 

6. Potassa and soda produce a light green precipitate of hydrate 
of protoxide of nickel (Ni 0, H 0), which is insoluble in an excess 
of the precipitants, and unalterable in the air, and on boiliug (even in 
the presence of alcohol). üarbonate of ammonia dissolves this precipi- 
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täte, when filtered and washed, to a greenish-blue fluid, from which 
potassa or soda reprecipitates tbe nickel as an apple-green hydrate of 
protoxide. 

7. Ammonia added in small quantity produces a trifling greenish 
turbidity ; upon further addition of tbe reagent tbis redissolves readily 
to a blue fluid containing a Compound of protoxide of nickel and 
am mont a. Potassa and soda precipitate from tbis Solution bydrate of 
protoxide of nickel. Solutions containing salts of ammonia or free acid 
are not rendered turbid by ammonia. 

N.B. The presence of non-volatile organic acids, and of sugar, im- 
pedes the precipitation by alkalies. 

8. Ferrocyanide of potassium precipitates ßTeenish-white ferrocya- 
nide of nickel (2 Ni, Cfy), wbicb is insoluble in hydrocbloric acid. 

9. Ferricyanide of potassium precipitates yellowish-brown ferri- 
cyanide of nickel (3 Ni, Cfdy), wbicb is insoluble in bydrocbloric 
acid. 

10. Cyanide of potassium produces a yellowish-green precipitate of 
Cyanide of nickel (Ni Cy), whicb redissolves readily in an excess of 
the precipitant as a double Cyanide of nickel and potassium (NiCy, 
K Cy) ; tne Solution is brownish-yellow, and does not acquire a darker 
color on exposure to tbe air. If sulpburic acid or bydrocbloric acid is 
added to this Solution, tbe Cyanide of potassium is decomposed, and the 
Cyanide of nickel reprecipitated. From more highly dilute Solutions 
tne Cyanide of nickel separates only.after some time ; it is very difficultly 
soluble in an excess of the precipitating acids in the cold, but more 
readily upon boiling. If tbe Solution of the double Cyanide is rendered 
alkaline by Solution of soda, being also kept so by a further addition of 
soda if necessary, and chlorine gas is passed into it without warming, 
the whole of the nickel gradually separates as black hydrate of sesqui- 
oxide. 

11. On adding to Solutions which are not too dilute and which have 
been rendered alkaline by ammonia, a Solution of sulpbocarbunate of 
potassium,* a deep brownish-red fluid is obtained which is barely trans- 
lucent, and appears almost black by reilected light. If the Solution of 
nickel is extremely dilute, the addition of the reagent will produce a 
delicate pink color (C. D. Braun). The occurrence of this color in 
highly dilute Solutions is cbaracteristic of nickel. 

12. Carbonate ofbaryta, on digestion in the cold with Solutions, does 
not precipitate nickel, unless sulpburic acid is present 

13. Nitrite of potassa with acetic acid does not throw down the 
nickel, even from concentrated Solutions. In the presence of lime, 
baryta, or strontia, however, a yellow crystallina nitrite of protoxide of 
nickel and the alkaline earth is preeipitated from not too dilute Solu- 
tions. The precipitate is difficultly soluble in cold water, more readily 
in hot water to u green fluid (Künzel, 0. L. Erdmann). 

14. Borax and microcosmic salt dissolve Compounds of protoxide of 
nickel in the outer flame to clear beads. The borax bead is violet while 
hot, reddish-brown when cold ; the microcosmic bead is reddisb or 

* Prepared by taking a Solution of hydrate of potassa containing about 5 per cent., 
■aturating one-half with hydrusulphuric acid, adding the other half and then -fa of the 
▼olntue of bisulpbide of carbon, digesting at a gentle heat, and final ly separating the 
Hark orange -red fluid from the andiasolved bisulphide of carbon. The bolution must 
(MB kept in a well-cloeed botlle. 
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brownish-red wbile hot, yellow or reddish-yellow when cold. In the 
inner ilame the microcosmic bead remains unaltered, but the borax bead 
becomes gray and cloudy from reduced metal. On continued heating 
the particles of nickel collect together without fusing, and tbe bead 
loses its color. 

15. By the reduction in the stick of charcoal, according to p. 24, 
the Compounds of nickel yield after trituration white, shining, ductile 
spangles, which will be deposited on tbe point of a magnetic knife in 
the form of a brush. With nitric acid they give a green Solution, which 
can be fdrther examined. 

§ 109. 

d. Protoxide of Cobalt (Co 0). 

1. Metallic cobalt in the fused State is steel-gray, pretty hard, 
malleable, difficultly fusible, and magnetic ; susceptible of polisb ; it 
does not oxidize in the air at the common temperature, but it oxidizes 
at a red heat ; with acids it behaves like nickel. The Solutions contain 
protoxide of cobalt. 

2. Protoxide op cobalt is light brown, its hydrate a pale red 
powder. Both dissolve readily in hydrochloric, nitric, and sulphuric 
acids. Sesquioxide of cobalt is black ; it dissolves in hydrochloric 
acid to protochloride, with evolution of chlorine. 

3. The salts of protoxide of cobalt 'containing water of crys- 
tallization are fed, the anhydrous salts mostly blue. The moderately 
concentrated Solutions appear of a light red color, which they retain 
even though considerably diluted. The soluble neutral salts redden 
litmus slightlv, and are decomposed at a red heat ; sulphate of prot- 
oxide of cobalt alone can bear a moderate red heat without suffering 
decomposition. When a Solution of chloride of cobalt is evaporated, the 
light red color changes towards the end of the Operation to blue ; 
addition of water restores the red color. 

4. Hydrosulphuric acid does not precipitate Solutions of salts with 
strong acids, if they contain free acid ; from neutral Solutions it gra- 
dually precipitates part of the cobalt as black sulphide of cobalt (Co S). 
Acetate of protoxide of cobalt is not precipitated, or to a very slight 
extent, in presence of free acetic acid. But in the absence of free acid 
it is completely precipitated, or almost completely. 

5. Sulphide of amtnonium precipitates from neutral, and hydrosul- 

Ehuric acid from alkaline Solutions, the whole of the metal as black 
ydrated sulphide of cobalt (Co S). Chloride of ammonium pro- 
motes the precipitation most materially. Sulphide of cobalt is insoluble 
in alkalies and sulphide of ammonium, scarcely soluble in acetic acid, 
very difficultly soluble in hydrochloric acid, but readily so in nitro- 
hydrochloric acid, upon application of heat. 

6. Potassa and soda produce blue precipitates ofßASic salts of 
cobalt, insoluble in excess of the precipitants, which turn green upon 
exposure to the air, owing to the absorptioo of oxygen. Upon boiling 
they are converted into pale red hydrate of protoxide of cobalt, 
which contains alkali, and generally appears rather discolored from 
sesquioxide fbrmed in the process. If betöre boiling alcohol is added, 
the precipitate is rapidly converted into dark brown hydrate of the 
sesquioxide. Neutral carbonate of ammonia dissolves the washed pre- 
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cipitates of basic sah or hydrated protoxide completeJy to intensely 
violet-red fluids, in which a somewhat larger proportion of potassa or 
soda produces a blue precipitate, the fluid still retaining its violet color. 

7. Ammonia produces the same precipitate as potassa, but tbis redis- 
solves in an excess of the ammonia to a reddish fluid, which turns 
brownish-red on exposure to the air, from which potassa or soda throws 
down a portion of the cobalt as blue basic salt. Ammonia produces no 
precipitate in Solutions containing ammonia salts or a free acid. 

ft .B. The presence of non-volatile organic acids or sugar checks the 
precipitation by alkalies. 

8. Ferrocyanide of potassium throws down green febrocyanide of 
cobalt (2 Co, Cfy), insoluble in hydrochloric acid. 

9. Firricyamde of potassium throws down brownish-red ferri- 
cyanide of cobalt (3 Co, Cfdy), insoluble in hydrochloric acid. 

10. Addition of Cyanide of potassium gives rise to the formation of a 
brownish-white precipitate of protocyanide of cobalt (Co Cy), 
which dissolves readily in excess of the precipitant as a double Cyanide 
of cobalt and potassium. Acids precipitate from this Solution Cyanide 
of cobalt. But if the Solution is boilod with Cyanide of potassium m 
excess, in presence of free hydrocyanic acid (liberated by addition of 
one or two drops of hydrochloric acid), or if the Solution is mixed with 
potassa or soda and chlorine is passed through it without warming, 
the double Cyanide is converted into cobalticyanide of potassium 
(K 8 , Co 2 Cy 6 = fe 8 Ccdy ), and acids will now produce no precipitate 
(essential difference between cobalt and nickel). Nitrite of potassa and 
acetic acid added to the unaltered Solution of the double Cyanide pro- 
duces a blood-red color in consequence of the formation of uitrocyanide 
of cobalt and potassium ; when the liquid is very dilute the color is 
merely orange red. Solution of soda added to the double Cyanide 
occasions a brown color when the fluid is shaken, oxygen being ab- 
sorbed (essential diflerences between cobalt and nickel, C. D. Braun). 

11. Sulphocarbonate of potassium, added to Solutions which have been 
rendered alkaline by ammonia, produces a dark brown, almost black 
color ; if the Solution is very dilute a pale straw color. 

12. Addition of tartaric or citric acid, then of ammonia in excess, 
and lastly of ferricyanide of potassium, produces a deep yellowish-red 
color; with extremely dilute Solutions a rose color (Skey). This is a 
very delicate reaction, well suited for the detection of cobalt in the 
presence of nickel 

13. Carbonate ofbaryta behaves in the same way as to Solutions of nickel. 

14. If nitrite. of potassa is added in not too small proportion to a 
Solution of protoxide of cobalt, then acetic acid to strongly acid reaction, 
and the mixture put in a moderately warm place, all the cobalt sepa- 
rates, from concentrated Solutions very soon, from dilute Solutions, alter 
some time, in the form of a crystalline precipitate of a beautiful yellow 
color (Fischer, Stromeyer). Stromeyer considers this precipitate 
to be a NITRITE OF SESQUI OXIDE OF cobalt and potassa 
(Co^, 3 K O, 6 N 0„ 2 H ü), and its formation may be then accounted 
for in the following way: 2 (Co 0,SO,) + 6 (K O, N 0,) + H O, Ä + 
HO= KO,A + 2(KO,SO,) + Co t O„3KO, 5NO„2HO + NO/ 

* C. D. Braun (Zeitsohr. f. anal. Chem., 7, 885), on the contrary, oonaiders the 
precipitate to be a mixiure of various coupoondt. 
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The precipitate is very perceptibly soluble in water, scarcelv soluble in 
concentrated Solutions of potassa salts and in alcohol, insoluble in pre- 
eence of nitrite of potassa. When boiled with water it dissolves, though 
not copiously, to a red fluid, which remains clear upon cooling, and 
ürom which alkalies throw down hydrate of protoxide of cobalt. This 
excellent reaction serves well to distinguish and separate cobalt from 
nickel. 

15. Borax dissolves Compounds of cobalt in the inner and outer 
flame to clear beads of a majjniiicent blue color, which appear violet by 
candleligrht, and are almost black in the presence of a large quantity 
of cobalt. This test is as delicate as it is characteristic. Phosphate of 
flüda and ammonia gives the sanie reaction, but it is less delicate. 

16. In the reduction with the stick of charcoal, according to p. 24, 
Compounds of cobalt behave in the same way as Compounds of nickel. 
The Solution with nitric acid is red. 

§110. 
e. Protoxide of Iron (FeO). 

1. Metallic iron in the pure State has a light whitish-gray color 
(iron containing carbon is more or less gray) ; the nietal is hard, 
lustrous, malleable, ductile, exceedingly diih'cult to fuse, and is attracted 
by the mahnet. In contact with air and moisture a coating of rust 
(hydrate ot sesquioxide of iron) forms on its surface : upon ignition in 
the air a coatdng of black protosesquioxide. Hydrochloric acid and 
dilute sulphuric acid dissolve iron, with evolution of hydrogen gas ; if 
the iron contains carbide, the hydrogen is mixed with carbide of hydro- 
gen. The Solutions contain protoxide. Dilute nitric acid dissolves iron 
in the cold to nitrate of protoxide, with evolution of nitrous oxide ; at 
a high temperature to nitrate of sesquioxide, with evolution of nitric 
oxide ; if tue iron contains carbide, some carbonic acid is also evolved, 
and there is left undissolved a brown substance resembling hunius, 
which is soluble in alkalies ; when graphite is present, it also is left 
behind. 

2. Protoxide of iron is black; its hydrate is white, and in the 
moist State absorbs oxygen and speedily acquires a grayish-green, and 
ultimately a brownish-red color. Both the protoxide and its hydrate 
are readify dissolved by hydrochloric, sulphuric, and nitric acids. 

3. The salts of protoxide of iron have in the anhydrous State 
a white, in the hydrated State a greenish color ; their Solutions only 
look greenish when concentrated. The latter absorb oxygen when ex- 
posedto the air, and are converted into salts of the protosesquioxide, 
with precipitation of basic salts of sesquioxide. Chlorine or nitric acid 
oonverts tuem by boiling into salts of sesquioxide. The soluble neutral 
salts redden litmus-paper, and are decomposed at a red heat. 

4. Solutions of salts of protoxide of irou inade acid by strong acids 
are not precipitated by hydrosulphuric acid ; nor are neutral Solutions nor 
Solutions acidified with weak acids precipitated by this reagent, or at 
the most but very incompletely. 

5. Sulphidc of ammonium precipitates from neutral, and hydrosul- 
phuric acid from alkaline Solutions, the whole of the metal as black 
hydrated protosulphide of iron (JtaS), which is insoluble in alka- 
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lies and sulphides of the alkali metals, but dissolves readily in hydro- 
chloric and nitric acids : this black precipitate turns reddish-brown in 
tbe air by oxidation. To bighly dilute Solutions sulphide of ammonium 
imparts a green color, and it is only after some time that the protosul- 
phide of iron separates as a black precipitate. Chloride of ammonium 
proraotes the precipitation most materially. 

6. Potassa and ammonia produce a precipitate of hydrate of prot- 
oxide of iron (Fe 0, HO), which in the first moment looks almost 
white, but acquires after a very short time a dirty green, and ultimately 
a reddish-brown color, owing to absorption of oxygen from the air. 
Presence of salts of ammonia prevents the precipitation by potassa 
partly, and that by ammonia altogether. If alkaline Solutions of prot- 
oxide of iron thus obtained by the agency of salts of ammonia are ex- 
posed to the air, hydrate of protosesquioxide of iron and hydrate of 
sesquioxide of iron precipitate. Non-volatile organic acids, sugar, &c, 
check the precipitation by alkalies. 

7. Ferrocyanide of potassium produces a bluish-white precipitate of 
ferrocyanide of potassium and iron (K, Fe 8 , CfyJ, which, by 
absorption of oxygen from the air, speedily acquires a blue color. 
Nitric acid or chlorine converts it immediately into Prussian blue, 
3 (K : Fe,, Cfy 2 ) + 4 Gl = 3 K Cl + Fe Cl + 2 (Fe 4 Cfy 8 ). 

8. Ferricyanide of potassium produces a magnificently blue precipitate 
of ferricyanide of iron (Fe 8 Cfdy). This precipitate does not differ 
in color from Prussian blue. It is insoluble in hydrochloric acid, but is 
readily decomposed by potassa. In highly dilute Solutions the reagent 
produces simply a deep blue-green coloration. 

9. Sulphocyanidc of potassium does not alter Solutions of protoxide of 
iron free from sesquioxide. 

10. Carbonate ofbaryta does not precipitate Solutions of protoxide of 
iron in the cold, with the exception of the sulphate. 

11. Borax dissolves protoxide of iron Compounds in the oxidizing 
flame, giving beads varving in color from yellow to dark red ; when 
cold the beads vary from colorless to dark yellow. In the inner flame 
the beads change to bottle-green, owing to the reduction of the newly 
formed sesquioxide to protosesquioxide. Phosphate of soda and 
ammonia shows a similar reaction ; the beads produced with this reagent 
lose their color upon cooling still more completely than those produced 
with borax ; the signs of the ensuing reduction in the reducing flame 
are also less marked. 

12. When reduced in the stick of charcoal (p. 24), Compounds of 
protoxide of iron give a dull black powder, which is attracted by a 
magnetic knife. The reduced metal, when dissolved in a few drops of 
aqua regia, gives a yellow fluid, which can be further tested according 
to § 111. 

§ 111. 

/. Sesquioxide of Iron (Fe 2 0,). 

1. The native crystallized sesquioxide of iron is steel-gray ; the 

native as well as the artiflcially prepared sesquioxide of iron gives upon 

trituration a brownish-red powder ; the color of hydrate of sesquioxide 

of iron is more inclined to reddish-brown. Both the sesquioxide and 

lts hydrate dissolve in hydrochloric, nitric, and sulphuric acids $ the 
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hydrate dissolves readily in these acids, but the anhydrous sesquioxide 
dissolves with greater difficulty, and completcly only after long exposure 
to heat Protos esqüiox ide of iron (Fe 0, Fe, 8 ) is black ; it dis- 
solves in hydrochloric acid to protochloride and sesquic blonde, in aqua 
regia to sesquichloride. 

2. The neutral anhydrous salts of sesquioxide of iron are 
nearly white ; the basic salts are yellow or reddish-brown. The color 
of the Solutions is brownish-yellow, and becoraes reddish-yellow upon 
the application of heat. The soluble neutral salts redden litmus-paper, 
and are decomposed by heat. 

3. Hydrosulphuric acid produces in Solutions made acid by stronger 
acids a milk y white turbidity, proceeding froin separated sulphur; 
the salt of the sesquioxide being at the same time converted into saltof 
the protoxide : Fe, 0„ 3 S 0, + H S = 2 (FeO S 0.) + H 0, S 0, + 8. If 
Solution of hydrosulphuric acid is rapiuly added to neutral Solutions, 
a transient blackening of the fluid also occurs. From Solution of 
neutral acetate of sesquioxide of iron hydrosulphuric acid throws down 
the gTeater part of the iron ; but in presence of a sufficient quantity of 
free acetic acid sulphur alone separates. 

4. Sulphide of ammonium precipitates from neutral, and hydrosul- 
phuric acid from alkaline Solutions, the whole of the metal as black 
nydrated protosülphide of iron (Fe S) mixed with sulphur; 
Fe.Cl, + 3 N H 4 S = 3 N II 4 Cl + 2 Fe S + S. In very dilute Solutions 
the reagent produces only a blackish-green coloration. The minutely 
divided protosülphide ot iron subsides in such cases only after long 
Standing. Chloride of ammonium most materially promotes the preci- 
pitation. Protosülphide of iron, as already stated (§ 1 10, 5), is inso- 
luble in alkalies and alkaline sulphides, but dissolves readily in hydro- 
chloric and nitric acids. 

ö. Potassa and ammonia produce bulky reddish-brown precipitates of 
hydrate of sesquioxide of iron (Fe 2 O , 2 H 0), which are in- 
soluble in an excess of the precipitant as well as in salts of ammonia, 
Non-volatile organic acids and sugar, when present in suthcient 
quantity, entirely prevent the precipitation. 

6. Ferrocyanide of potat.num produces even in highly dilute Solutions 
a magnificently bluo precipitate of fehrocyanide of iron, or 
Prussian blue (Fe 4 Cfy 8 ) : 2 (Fe, Cl 3 ) -4- 3 (Cfy, 2 K) = G K Cl + Fe 4 Cfv 8 . 
This precipitate is insoluble in hydrochloric acid, but is decomposed by 
potassa, with Separation of hydrate of sesquioxide of iron. 

7. Ferricyanide ofpotassium deepens the color of Solutions of sesqui- 
oxide of iron to reddish-brown ; but it fails to produce a precipitate. 

8. Sulphocyanide ofpotassium imparts to acid Solutions a most intense 
blood-red color, arising from the formation of a soluble sulpho- 
cyanide of iron. This color does not disappear on the addition of a 
little alcohol and warming (difference from the analogous reaction of 
hyponitric acid, § 158). Solutions of sesquioxide of iron, containing 
acetate of soda (which consequently are more or less red from acetnte 
of sesquioxide of iron), do not show the blood-red color of the sulpho- 
cyanide tili after the addition of much hydrochloric acid. The same 
remark applies to Solutions containing an alkaline fluoride or an 
Oxalate. This test will indicate the presence of iron even in fluids, 
which tire so highly dilute that every other reagent fails to produce 
in them the slightest visible alteration. The Ted wYoTO&au \&s^ Ssi 
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such cases be detected most distinctly by resting the test-tube upon a 
sheet of white paper, and looking through it from the top. The 
delicacy of the reaction may also be increased by shaking gently with 
ether after the addition of hydrochloric acid, and of excess of sulpho- 
cyanide of potassium Solution freshly prepared from the crystals. The 
sulphocyanide of iron dissolves in the ether, and the layer of the latter 
acquires a more or less red color. 

9. Carbonate of baryta precipitates even in the cold all the iron as 

HYDRATE OF SESQUI0X1DE MIXED WITH A BASIC SALT. 

10. The reactions before the blompipe are the same as with the 
protoxide. 

§ 112. 

RecapHulation and remarks. — On observing the reactions of the several 
oxides of the fourth group with Solution of potassa, it would appear that 
the Separation of the oxide of zinc, which is soluble in an excess of this 
reagent, might be readily eifected by its means ; but in the actual 
experiment we find that rather notable quantities of oxide of zinc are 
thrown down with the sesquioxide of iron, protoxide of cobalt, &c. To 
such an extent indeed that it is often impossible to demons träte the 
presence of oxide of zinc in the alkaline hitrate. This method would 
be entirely inadmissible in the presence of sesquioxide of chromium, as 
Solutions of the latter and of oxide of zinc in potassa mutually precipi- 
tate each other. 

Again, the reactions of the different oxides with chloride of ammo- 
nium and an access of ammonia would lead to the conclusion that the 
Separation of sesquioxide of iron from the protoxides of cobalt, nickel, 
and manganese, and from oxide of zinc, might be readily eifected by 
these agents. But this method also if applied to the mixed oxides is 
inaccurate, since greater or smaller portions of the other oxides will 
always precipitate along with the sesquioxide of iron; and it may 
the refore happen that small quantities of cobalt, manganese, &c, alto- 
gether escape detection in this process. 

It is far safer, tlierefore, to separate the other oxides of the fourth 
group from sesquioxide of iron by carbonate of baryta, as in that case 
the iron is precipitated free from oxide of zinc and protoxide of man- 
ganese, and, if chloride of ammonium is added previously to the addi- 
tion of the carbonate of baryta, almost entirely free also from protoxide 
of nickel and protoxide of cobalt. Instead of using the carbonate of 
baryta fbr the Separation of sesquioxide of iron, we may proceed as 
follows : nearly neutralize any excess of acid with carbonate of soda, 
add acetate of soda and boil ; or mix the sutficiently diluted Solution 
with a rather large quantity of chloride of ammonium, cautiously add 
carbonate of ammonia tili the Huid commences to become cloudy, the 
reaction still remaining acid, and then boil. In each of these two 
last methods the basic salt of sesquioxide of iron must be filtered 
off hot. 

Protoxide of manganese may conveniently be separated from the 
protoxides of cobalt and nickel, as well as from oxide of zinc, by treating 
the washed precipitated sulphides with moderately dilute acetic acid, 
which dissolves the sulphide of manganese, leaving the other sulphides 
undissolved. If the acetic acid Solution is now evaporated and mixed 
with Solution of potassa, the least trace of a precipitate will be sufficient 
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to recognise the manganese before the blowpipe with carbonate of 
soda. If tbe sulpbides left undissolved by acetic acid are now treated, 
after washing, witb very dilute hydrocbloric acid, the eulphide of zinc 
dissolves, leaving almost the whole of the sulphides of cobalt and nickel 
bebind. If the fluid is then boiled, and strongly concentrated to expel 
the hvdrosulphuric acid, and after war ds treated witb Solution of potassa 
or soda in excess without warming, the zinc is süre to be detected in 
the filtrate by hvdrosulphuric acid. 

On drying the filt-er containing the sulphides of nickel and cobalt, 
incinerating it in a small porcelain dish, and testing a portion of the 
residue witb borax in the inner blowpipe tiame, the cobalt may gene- 
pally be detected with certainty even in the presence of nickel. The 
detection of nickel in presence of cobalt is not quite so simple a matter. 
It is best done by warming the rest of the residue with a little aqua 
regia, diluting, filtering, evaporating the Solution to a small bulk, mixing 
with a sufficiency of nitrite of potassa, adding acetic acid to strongly 
acid reaction, and setting aside in a moderately warm place for at least 
twelve hours. The cobalt then separates as nitrite of sesquioxide of 
cobalt and potassa ; the nickel may be precipitated from the filtrate by 
Solution of soda, and, to prevent mistakes, tested before the blowpipe, 
or according to § 108, 11, after considerable dilution. For tbe detec- 
tion of small quantities of nickel in presence of large quantities of 
cobalt, it is still better to use tbe Solution of tbe cyanides in Cyanide of 
potassium mixed with Solution of soda. In this Solution the presence 
of cobalt will be shown by a dark color on exposure to the air, the 
presence of nickel by the Separation of black sesquioxide on treatment 
witb chlorine (§ 108, 10, and § 109, 10). 

In practica! analysis we generally separate the whole of the oxides 
of the fourth group as sulphides byprecipitation with sulpbide of ammo- 
nium. It is tberefore in most cases still more convenient to separate 
nickel and cobalt, or at least the far larger portion of these two metals, 
at the outset. To this end the moist precipitate of the sulpbides is 
treated witb water, and some hydrocbloric acid, with active stirring, but 
without application of heat. Nearly the whole of the sulpbide of nickel 
and sulpbide of cobalt is left behind undissolved, wbilst all the other 
sulpbides are dissolved. Tbe undissolved residue of sulpbide of cobalt 
and sulpbide of nickel is filtered and washed, and treated as directed 
above. By boiling the filtrate with nitric acid tbe iron is converted 
from the State of protoxide, as it existed in the Solution of the sulpbide, 
into tbat of sesquioxide. After the free acid has been nearly neutralized 
by carbonate of soda, the iron may be thrown down as basic salt either 
by carbonate of baryta in the cold, or by acetate of soda and boiling. 
Manganese and' zinc alone remain in tbe filtrate ; these metals are then 
also precipitated with sulpbide of ammonium and some chloride of 
ammonium, the precipitate is filtered and washed, and tbe two metals 
are finally separated from each other by acetic acid as directed above, 
or, after removal of the baryta by sulphuric acid and great concentra- • 
tion, by Solution of potassa or soda. Tlie trifling quantities of cobalt 
and nickel, dissolved on the first treatment of the sulpbide precipitate 
with dilute hydrocbloric acid, remain with the sulpbide of zinc in the 
Separation of the latter from the sulpbide of manßranese by acetic acid — 
or with the protoxide of manganese if the Separation is effected by 
Solution of potassa or soda. The sulphide of zinc may be extracted from 
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the blackish precipitate by dilute hydrochloric acid, and the detection of 
the manganese in presence of the cobalt and nickel may be readily 
effected by means of carbonate of soda in the outer flame. 

In the presence of non-volatile organic bodies the second metbod 
must be employed — namely, that depending- upon the preliminary pre- 
cipitation of the whole of the metals as sulphides, since 8uch organic 
substance8 would check the precipitation of the sesquioxide of iron by 
carbonate of baryta. 

Protoxide and sesquioxide of iron inay be detected in presence of 
each other by testing for the former with ferricyanide of potassium, 
for the latter with ferrocyanide or sulphocyanide of potassium. 

Special Reactions of the rarer Oxides of thcfowrth group. 

§ 113. 

o. Oxides of Urantum. 

This metal is found in a few rainerals, as pitchblende, uran-ochre, &c. The sesqui- 
oxide of the metal is used to stain glass yellowish-i;reen. Uraniura forma two oxides, 
viz., the protoxide (U 0), and the sesquioxide. The protoxide is brown ; it tlissolves 
in nitric acid to nitrate of sesquioxide. The hydrate of the sesquioxide is yellow ; at 
about 300° it loses its water and turns red ; it is converted by ignition into the dark 
blackish- green protosesquioxide. The Solutions of sesquioxide of uranium in acids are 
yellow. Hydrosulphuric acid does not alter them ; sulphide of ammonium throws 
down from them, after neutralizati >n of the free acid, a slowly subsiding precipitate, 
which is readily soluble in acids, even acetic acid. The precipitation is promoted by 
chloride of ammonium. The precipitate, when furmed in the cold, is chocol ite- brown, 
and contains oxysulphide of uranium, tmlphide of ammonium and water. It is insoluble 
in yellow sulphide of ammonium ; but, when free from other sulphides, it dissolves to 
a notable extent in color.'ess sulphide of ammonium, fonning a black fluid. On being 
washed, the precipitate is gradually converted into yellow hydrate of the sesquioxide. 
On warmiug or boiling the mixture of uranium Solution and sulphide of ammonium 
the oxysulphide at first thrown down splito intosulphur and black protoxide, which last 
is insoluble in the excess of sulphide of ammonium (Rkmbl£). The oxysulphide of 
uranium (but rot the precipitate which has been converted into protoxide and sulphur) 
dissolves readily in carbonate of ammonia. (This reaction may be used as a means of 
separat ing uranium from zinc, manganese, iron, &c.) If the oxysulphide remains long 
in contact with the fluid which has turned black in consequence of partial Solution of 
the precipitate in excesB of sulphide of ammonium, it gradnally turns blood-red, 
probably from becoming crystalline (Remelä). Ammonia, potassa and soda produce 
yellow precipitates containing sesquioxide of uranium and alkali, which are insoluble in 
excess of the precipitants. Carbonate of ammonia and bicarbonate of potassa or soda 
produce yellow precipitates of carbonate of sesquioxide of uranium and alkali, which 
readily redissolvc in an excess of the precipitanU. Potassa and soda throw down from 
such Solutions the whole of the sesquioxide of uranium. Carbonate of baryta com- 
pletely precipitates Solutions of sesquioxide of uranium, even in the cold (essential 
di&rence from nickel, cobalt, manganese, and zinc, and means of ueparating uranium 
from these metals). Ferrocyanide of potassium produces a redd iah -brown precipitate 
(a most delicate test). Borax and phosphate of soda and ammonia give with uranium 
Compounds in the inner flame of the blowpipe green beads, in the outer flame yellow 
beads, which acquire a yellowish -green tint on couling. 

6. Oxides of Thallium. 

Thallium occurs, but invariably in extremely minute quantities, in many kinds of 
oopper and iron pyrites, in many kinds of crude sulphur, and accumulated in the flue- 
dust of the lead Chambers, where the furr.aces are fed with thalliferous pyrites. It is 
oocasionally found in commercial sulphuric and hydrochloric acids, and it has been 
discovered in lepidolite, preparations of cadmium and bismuth, in oresof zinc, mercury, 
and antimony, in the ashes of plant*, and in some saline waters. Thallium is a 
metal resembling lead, of 11 86 spec. grav., soft, fuses at 290°, volatile at a white 
heat, and in a current of hydrogen at a red heat, crackling like tin when bent ; it does 
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not deoompose water, even on addition of acid. Dilute sulphuric and nitric aeids 
readily dissolve it,. hydrochloric acid dissolves it with difficulty. It forms a basio 
oxide (protoxide, Tl O] and a trioxide. Protoxide of Thallium is brownish-black, and 
fusible, when in tbe melted state it attacks glass or porcelain. It dissolves in water ; 
the sointion ii colorless, alkaline, caustic, and absorbs carbonic acid. It dissolves in 
alcobol. Tho trioxide of Thallium is insoluble in water and dark violet, its hydrate 
is brown. Trioxide of thallium is hardly acted on bv concentrated sulphuric aoid in 
the cold, on heating they combine. Ou continued heating oxygen escapes and sulpbate 
of tbe protoxide is fonned. Treated with hydrochloric acid, the trioxide yields the 
eorrespnnding chloride, as a white crysta line mass, which splits into chlorine and 
protochloride wben heated. In Solutions of salts of the trioxide alkalies throw 
down hydrate of the trioxide, bydroaulphuric acid produce* salts of the protoxide with 
Separation of sulphur, iodide of potassium yields protiodide and iodine, hydrochloric 
acid produces no change. The salts of protoxidk of thallium are colorless, sorae 
are readily soluble in water (sulphate, nitrate, piiosphate, tartrate, acetate), some are 
difiBculdy soluble (carbonate, chloride). some are almont insoluble (iodide, &c). On 
boiling soluiions of salts of the protoxide with nitric acid the protoxide is not converted 
into trioxide, but it is so converted entirely by boiling and evaporating with aqua regia. 
Poiassa, §oda and ammonia do not precipitate aqueous Solutions of salts of the protoxide, 
earbonated alkalies throw down carbonate of tbe protoxide, but only froin very conoen- 
trated Solution» (for 10U parts of water dissolve 5*23 parts at 18°). Hydrochloric acid 
throws down the protochloride, if the Solutions are not extremeiy dilute, in the form of a 
white readily subsiding precipitate, unalterabte in the air, still less soluble in dilute 
hydrochloric acid than in water. Iodide of potassium preeipitates, even froin the most 
dilute solutions, the light yellow protiodide, which is almost insoluble in water, but 
•omewhat more soluble in Solution of iodide of potapsium. Chloride of platinum preei- 
pitates from solutions which are not extremeiy dilute the pale orange double chloride 
(Tl Cl, Pt Cl,), which is very difficultly soluble. Hydrosulphuric acid does not preci- 
pitate solutions reudered strongly acid by mineral aeids, unless arsenious acid is present, 
wben a brownisb-red precipitate is formed, which contains thewhole of the arsenicand 
a part of tbe thallium. Neutral or very slightly acid solutions are incoinpletely preci- 
pitated by this reagent ; from acetic acid solutions tbe whole of the thallium is thrown 
down as black protosulphide. Sulphide of ammonium preeipitates the whole of the 
thallium as black sulphide, which readily collect» into lumps, especially on warming ; 
hydrosulphuric acid added to alkaline solutions has the same effect. The sulphide 
thrown down is insoluble in ammonia, alkaline sulphides and Cyanide of potassiutn, it 
rapidly oxidixes in the air to sulphate of the protoxide, it dissolves readily in dilute 
hydrochloric, sulphuric and nitric aeids, but it in acted on only with difficulty by acetic 
acid. On heating it first fuses and then volatilizes. Zinc throws down the metal in 
the form of black crystalline laminae. Colorless fiames are tinged intensely green by 
combinations of thallium. The tpectrum of thallium exhibiis only one line (compare 
the spectrum table) of an emerald green color, extremeiy characteristic. If the quantity 
of metal is small, the line soon disappenn. The spectroscope generally afifords the 
best means of detecting thallium. Thalliferous pyrites often gives the green line at 
once. If you want to look for vhallium in crude sulphur, it is best to remove the 
greater part of the sulphur with bisulphide of carbon, and then to test the residue. In 
the presence of much sodium with very small quantities of thallium the green line will 
not be seen, unless you moisten the substance and examine the spectrum which is 
first produced. For tbe detection of thallium in the wet way, iodide of potassium is 
the most delicate reagent; if iron is present, it must previously be reduced by sulphite 
of soda. 

c. Oxide of Indium. 

Indium has hitherto been discovered only in tbe blende of Freiberg, in the zino 
prepared from tbe same, and in wolfram. It is a white higbly lustrous metal, and 
resembles platinum in color, it is very soft, duetile, makes a mark on paper, is capable 
of reeeiving a polish, and preserves its lu*tre in the air and in water even wben boiling. 
It fuses about as easily as lead. On charcoal before the blowpipe it melts with a 
shining metallic surface, color« the flame blue, and yields an incrustation which is dark 
yellow in the heat, light yellow when cold, and cannot be easily dispersed by the blow- 
pipe flame. Indium dissolves in dilute hydrochloric and sulphuric aeids with evolution 
of hydrogen, slowly in the cold, more rapidly on heating; in coucentrated sulphuric 
acid it dissolves with evolution of sulphumus acid, in uitric acid it dissolves with ease 
even when the acid is cold and dilute. Tbe oxide (In O) is brown when not, straw- 
eolored when cold, it does not color vitreous fluxes; when i^nited in hydrogeu or with 
cfaarcoal, it is readily reduced, and if a flux be used metallic globules will be obtained. 
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The ignited oxide dissolves slowly in acids in tbe cold, bat readily and completely in 
the heat. Tbe salts are colorleas, the sulphate, nitrate and cbloride dissolve readily in 
water. The cbloride is volaüle and hygroscopic. Alkalien throw down tbe bydrate 
in the form of a white bulky precipitate, like bydrate of alumina, whicb is completely 
insoluble in potassa and ammonia ; tartaric acid prevents the precipitation. Alkaline 
carbonates precipitate a white gelatinous carbonate. When recently thrown down the 
precipitate dissolves in carbonate of ammonia, but not in carbonate of potassa or 
carbonate of soda ; if tbe Solution in carbonate of ammonia is boiied, the carbonate of 
indium separates again. Phosphate of soda tbrows down a white bulky precipitate. 
Alkaline Oxalates produce a crystallina precipitate. Acetate of soda added to the nearly 
neutral Solution of tbe sulphate throws down <>n boiling a basic sulpbate. Carbonate of 
baryta precipitates tbe wbole of the indium, on digestion in tbe cold, in the form of 
basic aalt. (Means of separating indium from zinc, manganese, cobalt, nickel, and 
protoxide of iron.) Hydrosulphuric acid produces no precipitate in the presence of a 
strong acid. From dilute and BÜghtly acid Solutions it throws down some of the 
indium, as in the case of zinc. From a Solution acidified with acetic acid this reagent 
throws down sulphide of indium in the form of a slimy precipitate of a fine yellow 
oolor. Sulphide of ammonium added to a Solution mixed with tartaric acid and 
ammonia produces a white precipitate which probably consists of sulphide of indium 
and hydrogen. It turns yellow on treatraent with acetic acid. Sulphide of indium 
is insoluble in cold, but soluble in hot, sulphide of ammonium ; on cooling it separates 
from the Solution with a white color. Ferrocyanide of potassium produces a white 
precipitate. Ferricyanide and sulphocyanide of potassium and Chromate of potassa 

Sroduce no precipitate. Zinc precipitates the metal in the form of white shining 
iminae. Indium Compounds produce a peculiar bluish violet tinge in a colorless 
flame. Tbe spectrum has two characteristic blue lines (see the spectrum table). With 
the cbloride the lines, especially a, appear brightest, but they are very transient. For 
obtaining more persistent lines the sulphide is the most suitable Compound. 

d. Oxides op Vanadium. 

Vanadium occure in the form of vanadates, occasionally in sraall quantities in iron 
and copper ores, and in the slags obtained from tbe same. There are four oxides of 
Vanadium, the dioxide (V = 51'3), the trioxide, the tetroxide, and vanadic acid (V O t ) : 
Roboob. V O, is gray, possesses metallic lustre, is insoluble in water, and is soluble 
in dilute acids, with evolution of hydrogen, to blue fluide which bleach organic coloriug 
matten) by reducing them. V O t is black, insoluble, not reduced by ignition in 
hydrogen, exposed to the air it is giadually converted into V 4 . Acid Solutions 
containing V O, are green. V 4 is dark blue, acid Solutions in which it is present are 
pure blue. All tbe lower oxides pass into V $ on heating with nitric acid or aqua 
regia, on fuftiug with nitrate of potassa, or on igniting in oxygen or air. Vanadic acid 
is nor>volatile, fusible, solinifies to a crystalline mass, dark red to orange- red in color. 
Heated to redness in a current of hydrogen it is converted to VO r Vanadic acid is 
difficultly soluble in water, but reddens litraus-paper strongly. It com bin es with acids 
and with bases. a. Acid Solutions. — Tbe stronger acids dissolve vanadic acid to red or 
yellow fluidg, which are frequrntly decolorized by boiling. The sulphuric acid Solution 
when much diluted, treated with zinc and warmed gently turns first blue, then green, 
and finally from lavender to violet. The V O e is thus reduced to V O v and on addition 
of ammonia a brown precipitate of tbe bydrate of the dioxide forma, which immediately 
absorbs oxygen. Sulphuruus acid, hydrosulphuric acid, and organic substances reduce 
the Solutions, but only to V 4< hence tbe color produced is only blue. Sulphide of 
ammonium produces a brown color, and on acidifying with hydrochloric acid, or better 
with sulphuric acid, the brown pentasulphide falls, which is soluble in excess of 
sulphide of ammonium with a brown iah -red color. Ferrocyanide of potassium throws 
down a green flocculent precipitate which is insoluble in acidB. Tincture of galls 
produces after some time in Solutions free from excess of acid a brownish- black preci- 
pitate. b. Vanadates. — Vanadic acid fonns three serieB of salts. Besides the ordinary 
tribaaic salts which alone occur in minerals, there exist also bibasic and monobasic 
salta. The neutral tribaaic aalte are geoerally yellow, those of the aikalies and some 
others are converted by Warnung with water into a colorleas modification. The acid 
salts are yellowish red. The salts will sustain a red heat, most of them are soluble in 
water, all are soluble in nitric acid. The alkaline vanadates are soluble in water in 
inverhe proportion to the quantity of free alkali or alkaiine aalt present When mixed 
with acids, the Solutions acquire a yellow or red color, nitrate of silver nitrate qf 
suboxide of mercury, chloride of barium, and acetafe of Lad, produce white or yellow 
precipitates readily soluble in acids, sulphide of ammonium reacts as in acid Solutions, 
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fnrrocyanide of polasnum produces a yellow precipitate, tincture of galls producea a 
deep Black color, especially in »olutiona of »cid vauadate* of the alkaliea. If the sola* 
tioo of a vamdate of an alltali U stturated witb chloride of amtnonium, the wbole of 
the vanadic acid separates an white vanadate of ammonia, insoluble in Solution of 
chloride of ammonium (niost characteristic reaction). The precipitate gives by igni- 
tion vanadic acid or a mixture of the same with a lower oxide. If an acidified Solution 
of vanadate of alkali is «haken witb peroxide of hydrogen, the fluid acquired a red tint ; 
if etber in then added, and the mixture shaken, the Solution n-tains its color, the ether 
reinaining cnlorless (most delicate reaction). Wkktukk. Borax dissolves vanadic 
acid in the inner and outer flanie to a clear bead ; the bead produced in the outer flame 
k colorleas, with large quantities of vanadic acid, yellow ; tbe bead produced in the 
inner fltrae has a beautiful ^reen color ; with larger quautities of vanadic acid it looks 
browniah whilat hot, and only turns green on cooliug. 

§ 114. 

FIFTH GROUP. 

Höre common oxides: — Oxide of Silver, Suboxide of Mer- 
cury, Oxide of Mercury, Oxide of Lead, Teroxide of Bis- 
muth, Oxide of Copper, Oxide of Cadmium. 

Rarer oxides; — Oxides of Palladium, Rhodium, Osmium, 
Ruthenium. 

Properties of the flrovp* — The sulphides corresponding to the oxides 
of this group are insoluble both in dilute acids and in alkaline sul- 
phides. Ihe Solutions of these oxides are therefore completely pre- 
cipitated by hydrosulphuric acid, no miitter whether they be neutral, 
or contain free acid or free alkali. The fact that the Solutions of the 
oxides of the fifth group are precipitoted by hydrosulphuric acid in 
presence of a free strong acid distinguishes them from the oxides of 
the fourth group and generally from the oxides of all the preceding 
groups. 

For the sake of greater clearness and simplicity, we divide the 
more common oxides of this group into two classes, and distinguish, 

1. Oxides precipitable by hydrociiloric acid, viz., oxide of 
silver, suboxide of mercury, oxide of lead. 

2. Oxides not precipitable by hydrochloric acid, viz., 
oxide of mercury, oxide of copper, teroxide of bismuth, oxide of 
cadmium. 

Lead must be considered in both classes, since the sparing solubility 
of its chloride might lead to confounding its oxide with suboxide of 
mercury and oxide of silver, without aflbrding us on the other band any 
means of eifecting its perfect Separation from the oxides of the second 
di vision. 

Special Beactions of the more common Oxides of the fifth group. 

m 

FIRST DIVISION J OXIDES WHICH ARE PRECIPITATED BY 

HYDROCHLORIC ACID. 

§ 115. 

a. Oxide of Silver (AgO). 

1. Metallic silver is white, very lustrous, moderately hard, 
highly malleable, rather diificultly fusible. It is not oxidized by 

* Consult however the paragraphs on oxide of copper and suboxide and oxide of 
■fteroory, m the latter reuiark applies only partially to them. 
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fusion in the air. Nitric acid dissolves silver readily ; the metal is in- 
soluble in dilute sulphuric acid and in hydrochloric acid. 

2. Oxide of silver is a grayish-brown powder; it is not altogether 
insoluble in water, and dissolves readily in dilute nitric acid. It forins 
no hydrate. It is decomposed by beat into metailic silver and oxygen 
gas. The black suboxide of silver (Aßr s O) and the binoxide are like- 
wise decomposed by heat into metailic silver and oxygen. 

3. The salts of oxide of silver are non-volatile and colorless ; 
many of them acquire a black tint upon exposure to light. The 
soluble neutral salts do not alter vegetable colors, and are decomposed 
at a red heat. 

4. Hydrosulphuric acid and sulphide ofammonium precipitate black sul- 
phide of silver (Ag S) which is insoluble in dilute acids, alkalies, 
alkaline sulphides, and Cyanide of potassium. Boiling nitric acid 
decomposes and dissolves this precipitate readily, with Separation of 
sulphur. 

5. Potassa and soda precipitate oxide of silver in the form of a 
grayish-brown powder, which is insoluble in an excess of the precipi- 
tants, but dissolves readily in ammonia. 

6. Ammonia, if added in very small quantity to neutral Solutions, 
throws down the oxide as a brown precipitate, which readily re- 
dissolves in an excess of ammonia. Acid Solutions are not pre- 
cipitated. 

7. Hydrochloric acid and soluble metailic Chlorides produce a white 
curdy precipitate of Chloride of silver (A«j Cl). In very dilute 
Solutions these reagents impart at first simply a oluish-white opalescent 
appearence to the fluid ; but after long Standing in a warm place the 
cnloride of silver collects at the bottom of the vessel. By the action 
of light the white chloride of silver loses chlorine, first acquiring a 
violet tint, and ultimately turning black ; it is insoluble in nitric acid, 
but dissolves readily in ammonia as ammonio-chloride of silver, from 
which double Compound the chloride of silver is again separated by 
acids. Concentrated hydrochloric acid and concentrated Solutions of 
Chlorides of the alkali metals dissolve chloride of silver to a very per- 
ccptible amount, more particularly upon application of heat; but the 
dissolved chloride separates again upon dilution. Upon exposure to 
heat chloride of silver fuses without decomposition, giving upon cooling 
a translucent horny mass. 

8. If Compounds of silver mixed with carbonate of soda are exposed 
on a charcoal support to the inner flame of the blowpipc, white brüliant 
malleable metailic globules are obtained, with or without a slight dark 
red incrustation of the charcoal. The metal is also readily reduced in 
the stick of charcoal (p. 24). 

§ 116. 

b. Suboxide of Mercury (Hg t O). 

1. Metallic mercury is grayish- white, lustrous, fluid at the 
common temperature ; it solidines at - 89°, and boils at 360°. It is 
insoluble in hydrochloric acid ; in dilute cold nitric acid it dissolves to 
nitrate of suboxide, in concentrated hot nitric acid to nitrate of oxide of 
mercury. 

2. Suboxide of mercury is a black powder, readily soluble in 
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nitric seid. It is decomposed by the action of heat, the mercurj 
volatilizing in the metallic State. It forms no hydrate. 

3. The salts op suboxide of mercury volatilize upon ignition; 
most of them suffer decomposition in this process. Subchloride and 
subbromide of mercury volatilize unaltered. Most of the salts of sub- 
oxide of mercury are colorless. The soluble salts in the neutral State 
redden litmus-paper. Nitrate of suboxide of mercury is decomposed 
by addition of rauch water into a light yellow insoluble basic and a 
soluble aeid aalt. 

4. Hydrosulphuric aeid and sulphide of ammonium produce black pre- 
cipitates, which are insoluble in dilute aeids, sulphide of ammonium, 
and Cyanide of potassium. The preeipitates consist of sulphide of 
mercury mixed with mercury. Monosulphide of sodium, in 
presence of some caustic soda, dissolves this preeipitate with Separation 
of metallic mercury ; bisulphide of sodium dissolves it without Separa- 
tion of metallic mercury ; the Solutions contain sulphide of mercury. 
The preeipitate gives up mercury to boiling concentrated nitric aeid 
with formation of a white double Compound, namely, HgO,NO Ä + 2HgS. 
The preeipitate is readilv dissolved by aqua reffia. 

5. Potassa, soda, and ammonia produce black preeipitates, which are 
insoluble in an excess of the preeipitants. The preeipitates produced 
by the fixed alkalies consist of suboxide of mercury; whilst those 
produced by ammonia consist of basic salts containinq ammonia 

OR AMIDOOKN. 

6. Ilydrochloric aeid and soluble metallic chlarides preeipitate sub- 
chloride of mercury (Hg^Cl) as a fine powder of dazzling white- 
ness. Cold hydrochloric aeid and cold nitric aeid fnil to dissolve this 
preeipitate ; it dissolves however, although very difficultly and slowly, 
uixm long-continued boiling with these aeids, being resolved by hydro- 
chloric aeid into chloride of mercury and metallic mercury, which 
separates; and converted by nitric aeid into chloride of mercury and 
nitrate of oxide of mercury. Nitrohydrochloric aeid and chlorine 
water dissolve the subchloride of mercury readily, Converting it into 
chloride. Ammonia and potassa decompose the subchloride of mer- 
curv, separating from it, the former a Compound of subamide of mercury 
witn subchloride of mercury (Hg t NH„Hg t Cl), the latter suboxide of 
mercury. 

7. If a drop of a neutral or slightly aeid Solution is put on a clean 
and smooth surfoee of copper, and wasiied off after some time, the spot 
will afterwards, on being gently rubbed with cloth, paper, &c, appear 
white and lu6trous like silver. The application of a gentle heat to the 
copper causes the metallic mercury preeipitated on its surface to vola- 
tilize, and thus removes the silvering". 

8. Protochloride of tin produces a ffray preeipitate of metallic 
mercury, which may be united into globules bv boiling the metallic 
deposit, after decanting the fluid, with hydrochloric aeid, to which a 
little protochloride of tin may also be added. 

9. If an intimate mixture of an anhydrous Compound of mercury 
with anhydrous carbonote of soda is introduced into a sealed glass tube, 
and covered with a layer of carbonate of soda, and the tube is then 
strongly heated, the mercurial Compound invariably undergoes decom- 
position, and metallic mercury separates, forming* a coat of gray 
Sublimate above the heated part of the tube. By means of a lens the 

X. K 
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Sublimate will be seen to consist of globules of metal. Larger globules 
may be obtained by rubbing the Sublimate with a glass rod. 

$ 117. 
e. Oxide of Lead (Pb 0). 

1. Metallic lead is bluish-gray; its surface recently cut exhibits 
a metallic lustre ; it is soft, malleable, readily fusible. It evaporates at 
a white heat. Fused upon charcoal before the blowpipe it forms a 
coating of yellow oxioe on the support. Hydrochloric acid and 
moderately concentrated sulphuric acia act upon it but little, even with 
the aid of heat ; but dilute nitric acid dissolves it readily, more parti- 
cularly on heating. 

2. Oxide of lead is a yelluw or reddish-yellow powder, looking 
brownish-red whilst bot, and fusible at a red lieat. Hydrated oxide 
of lead is white. Both the oxide and its hydrate dissolve readily in 
nitric and acetic acids. Suboxide of lead (Pb 2 0) is black, minium 
(2 Pb 0, Pb 2 ) is red, the so-called sesquioxide is light-brown, the 
binoxide is brown. They are all of them converted into the oxide by 
ignition in the air. The binoxide is not dissolved by heating with 
nitric acid, but it dissolves readily in that menstruum on addition 
of some spirit of wine. The Solution contains nitrate of oxide of lead. 

3. The salts of oxide of lead are non-volatile ; most of them 
are colorless ; the neutral soluble salts redden litmus-paper, and are 
decomposed at a red heat. If chloride of lead is ignited in the air, par* 
of it volatilizes, and leaves behind a mixture of oxide of lead anc* 
chloride of lead. 

4. Hydrosulphuric acid and sulphide of ammonium produce black preei- 
pitates of sulphide of lead (PbS), which are insoluble in cold dilute 
acids, in alkalics, alkaline sulphides, and Cyanide of potassium. Sulphide 
of lead is decomposed by bot nitric acid. If the acid was dilute, the 
whole of the lead is obtained in Solution as nitrate of oxide of lead, and 
sulphur separates — if the acid was fuming, the sulphur is also com- 
pletely oxidized, and insoluble sulphate of lead alone is obtained ; — if 
the acid was of medium concentration, both processes take place, a 
portion of the lead being obtained in Solution as nitrate of lead, whilst 
the remainder separates as sulphate of lead, together with the un- 
oxidized sulphur. In Solutions of salts of lead containing a large 
excess of a concentrated mineral acid, hydrosulphuric acid produces a 
precipitate only after the addition of water or after partial neutralization 
of the free acid by an alkali. If a Solution of lead is precipitated by 
hydrosulphuric acid in presence of a large quantity of free hydrochloric 
acid, a red precipitate is occasionally formed, consisting of chloride and 
sulphide of lead, which is however converted by an excess of hydro- 
sulphuric acid into black sulphide of lead. 

5. Potassa, soda, and ammonia throvv down basic salts in the form 
of white precipitates, which are insoluble in ammonia but soluble in 
potassa and soda. In Solutions of acetate of lead ammonia (free from 
carbonic acid) does not immediately produce a precipitate, owing to the 
formation of a soluble di- or triacetate of lead. 

6. Carbonatc of soda throws down a white precipitate of basic car- 
bonate of lead [e.g., 6 (Pb 0, C OJ + Pb 0, H Oj, which is not quite 
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insoluble in a large excess of the precipitant, especially on heating, 
but is insoluble in Cyanide of potassium. 

7. Hydrochloric acid and soluble chlorides produce in concentrated 
Solutions heavy white precipitates of Chloride op lead (Pb Cl), 
which are soluble in a large amount of water, especially upon applica- 
tion of heat. This chloride of lead is converted by ammonia into basic 
chloride of lead (Pb Cl, 3 Pb + H 0), which is also a white powder, 
but almost absolutely insoluble in watcr. In dilute nitric and hydro- 
chloric acids chloride of lead is more difficultly soluble than in water. 

8. Sulphuric acid and sulphates produce white precipitates of sul- 
phate op lead (Pb 0, S 0,), which are nearly insoluble in water and 
dilute acids. From dilute Solutions, especially from such as contain 
much free acid, the sulphate of lead precipitates only after some time, 
frequently only after a long time. It is advisable to add a considerable 
excess of dilute sulphuric acid, as this tends to increase the delicacy of 
the reaction, sulphate of lead being more insoluble in dilute sulphuric 
acid than in water. The Separation of small quantities of sulphate of 
lead is best effected by evaporating, after the addition of the sulphuric 
acid, as far as practicable on the water-bath, and then treating the 
residue with water; or, if allowable, with spirit. Sulphate of kad is 
slightly soluble in concentrated nitric acid ; it dissolves with difliculty 
in toiling concentrated hydrochloric acid, but more readily in Solution 
of potassa. It dissolves also pretty readily in the Solutions of some of 
the salts of ammonia, particularly in Solution of acetate of ammonia ; 
dilute sulphuric acid precipitates it again from these Solutions. 

0. Chromate of potassa produces a yellow precipitate of Chromate 
of lead (Pb 0, Cr 0,), which is readily soluble in potassa, but diffi- 
cultly so in dilute nitric acid. 

10. If a mixture of a Compound of lead with carbonate qfsoda is ex- 
posed on a charcoal support to the reducing flamc of the blowjripe, soft 
malleable metallic olobules op lead are readily produced, the 
charcoal becoming covered at the same time with a yellow incrustation 
of oxide of lead. The reduction may be also readily efFected by 
means of the stick of charcoal. 

11. The metaUic incrustation obtained according to p. 25, is black 
with brown edge, the incrustation of oxide is light yellow ochre, the in- 
crustation of iodide varies from the yellow of the lemon to that of the 
yolk of an e^g 9 the incrustation of sulphide varies from brownish-red to 
olack, and is not dissolved by sulphide of ammonium (Buxsen). 

§ 118. 

Bccapitvlatum and remarfts. — The metallic oxides of the first division 
of the fifth group are most distinctly characterized in their correspond- 
ing chlorides ; since the different reactions of tbese chlorides with water 
and ammonia afford us a simple means both of detecting theru and of 
effecting their Separation from one another. For if the precipitate con- 
taining the three metallic chlorides is boiled with a somewhat large 

Juantitv of water, or boiling water is repeatedly poured over it on the 
lter, tue chloride of lead dissolves, whilst the chloride of silver and the 
subchloride of mercury remain undissolved. If these two chlorides are 
th^n treated with ammonia, the subchloride of mercury is converted 
into the black basic salt, insoluble in an excess of the ammonia, de- 

k2 
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scribed in § 116, 5, whilst the chloride of silver dissolves readily in the 
ammonia, and precipitates from this Solution ag&in upon addition of 
nitric acid. (When operating upon small quantities, it is advisable first 
to expel the greater part of the ammonia by heat.) In the aqueous 
Solution of chloride of lead the metal may be readily detected by sul- 
phuric acid. 



8ECOND DIVISION : OXIDES WHICH ARE NOT PRECIPITATED BY 

HYDROCHLORIC ACID. 

§ 119. 

a. Oxide op Mercurt (HgO). 

1. Oxide op mercury is generally crystalline, and has a bright 
red color, which upon reduction to powder changes to a dull yellowish- 
red ; the oxide precipitated from Solutions of the nitrate or chloride 
forms a yellow powder. It is not quite insoluble in water, it turns gray 
in the air. Upon exposure to heat it transiently acquires a deeper tint ; 
at a dull red heat it is resolved into metnllic mercury and oxygen. 
Both the crystalline and non-crystalline oxide dissolve readily in hydro- 
chloric acid and in nitric acid. 

2. The salts of oxide of mercury volatilize upon ignition; 
they suffer decomposition in this process ; chloride, bromide, and iodide 
of mercury volatilize unaltered. On boilinff a Solution of the chloride, 
some of the salt escapes with the steam. Most of the salts are color- 
less. The soluble neutral salts redden litmus-paper. The nitrate and 
sulphate are decomposed by a large quantity of water into soluble acid 
and insoluble basic salts. 

3. Addition of a very small quantity of hydrosulpkuric acid or sul- 
phide of ammonium produces, after shaking, a perfectly white precipitate. 
Addition of a somewhat larger quantity of these reagents causes the 
precipitate to acquire a yellow, orange, or brownish-red color ; an excess 
of the precipitant produces a black precipitate of sulphide of mer- 
cury (Hg S). This progressive Variation of color from white to black, 
which depends on the proportion of the hydrosulphuric acid or sulphide 
of ammonium added, distinguishes the oxide of mercury from all other 
bodies. The white precipitate which forms at first consists of a double 
Compound of sulphide of mercury with tbe still undecomposed portion 
of the salt of oxide of mercury (in a Solution of chloride of mercury, for 
instance, Hg Cl + 2 Hg S) ; tue gradually increasing admixture of black 
sulphide causes the precipitate to pass through the several gradations 
of color above mentioned. Sulphide of ammonium only dissolves the 
smallest traces of sulphide of mercury ; the least amount of mercury 
is dissolved when the precipitate is digested in the heat with yellow sul- 
phide of ammonium. Potassa and Cyanide of potassium do not dissolve 
the sulphide of mercury, and it is entirely insoluble in hydrochloric and 
in nitric acid, even on ooiling. By the very protracted action of hot 
concentrated nitric acid the precipitate is converted into a white body, 
consisting of 2 Hg S + Hg 0, N 0,. Sulphide of potassium and sulphide 
of sodium in the presence of potash or soda dissolve the precipitate 
completely, but it is .insoluble in double sulphide of potassium and 
hydrogen, and in double sulphide of sodium and hydrogen. Aqua 
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regia decomposes the precipitate and dissolves it with ease. In Solu- 
tions of oxide of mercury containing a large excess of concentrated 
mineral acid, hydrosulphuric acid produces a precipitate only after 
addition of water. 

4. Potassa added in small quantity produces in neutral or slightly 
aoid Solutions a reddish-brown precipitate, which acquires a yellow tint 
if the reagent is added in excess. The reddish-brown precipitate is a 
basic salt; the yellow precipitate consists of oxide of mercury. 
An excess of the precipitant does not redissolve these precipitates. In 
very acid Solutions this reaction does not take place at all, or at leost 
the precipitation is very incomplete. In presence of salts of ammonia 
potassa produces white precipitates. The precipitate thrown down by 
potassa from a Solution of chloride of mercury containing an excess of 
chloride of ammonium is of analogous compositum to the precipitate 
produced by ammonia (see ö). 

ö. Ammonia produces white precipitates quite analogous to those 
produced by potassa in presence of chloride of ammonium ; thus, for 
instance, ammonia precipitates from Solutions of chloride of mercury a 

CHLORIDE OP DIMERCUR-AMMONIÜM ^N H^HgjCl). 

6. Protochlaride of tin added in small quantity to Solution of chloride 
of mercury, or to Solutions of salts of oxide of mercury in presence of 
hydrochloric acid, throws down subchloride of mercury (2 Hg Cl + 
Sn Cl = Hg a Cl + Sn Cl,). By addition of a larger quantity of the 
reagent the preeipitated subchloride is reduced to metal (Hg,Cl + 
8n Cl = Hg, + Sn Cl,). The precipitate, which was white at first, acquires 
therefore now a gray tint, and way, after it has subsided, be readily 
united into globules of metallic mercury by boiling with hydrochloric 
acid and a little protochloride of tin. 

7. If a little galvanic dement, made out of a slip of platinum foil and 
a slip of tinfoil, joined at one end with a wooden clamp and otherwise 
apart from each other, is introduced into a Solution of oxide of mercury 
aeidified with hydrochloric acid, all the mercury will gradually be pre- 
eipitated by preference upon the platinum. On removing the foils, 
drying and heating stroncfly in a glass tube, globules of mercury will 
be obtained, which may oe more distinctly seen under the microscope. 
On heating this mercury with a fragment of iodine, it will be converted 
into red iodide of mercury (Van den Broek). 

8. The salts of oxide of mercury show the same reaction as the salts 
of the suboxide with metallic copper and when heated with carbonate of 
toda in a glass tube. 

§ 120. 

b. Oxide op Copper (Cu 0). 

1. Metallic copper hasa peculiar red color, andastrong lustre; 
it is moderately hard, malleable, rather difEcultly fusible ; in contact 
with water and air it becomes covered with a green crust of basic car- 
bonate of oxide of copper ; upon ignition in the air it becomes coated 
over with suboxide and oxide. In hydrochloric acid and dilute sul- 
phuric acid it is insoluble or nearly so, even upon boiling. Nitric acid 
dissolves the metal readily. Concentrated sulphuric acid converts it 
into sulphate of oxide of copper, with evolution of sulphurous acid. 

2. Suboxide of copper is red, its hydrate yellow $ both change to 
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oxide upon ienition in the air. On treating* the suboxide with dilute 
sulphuric acid metallic copper separates, whilst sulphate of oxide of 
copper dissolves ; on treating suboxide of copper with hydrochloric acid 
wliite bubchloride of copper is forined, which dissolves in an excess of 
the acid, but is reprecipitated from this Solution by water. 

3. Oxide op copper is a black fixed powder ; its hydrate 
(Cu O, H O) is of a light blue color. Both the oxide of copper and its 
hydrate dissolve readily in hydrochloric, sulphuric, and nitric acids. 

4. Most of the neutral salts op oxide of copper are soluble in 
water ; the soluble salts redden litmus, and suffer decomposition when 
heated to gentle redness, with the exception of the sulphate, which can 
bear a somewhat higher temperature. They are usually wliite in the 
anhydrous State ; the hydrated salts are usually of a blue or jrreen color, 
which their Solutions continue to exhibit even when much diluted. 

5. Hydrosulphuric acid and sulphidc of ainmonium produce in alkaline, 
neutral, and acid Solutions brownish-black precipitates of sulphide op 
copper (Cu S). This sulphide is insoluble in dilute acids and caustic 
alkalies. Hot Solutions of sulphide of potassium and sulphide of 
sodium fail also to dissolve it or dissolve it only to a very trifling" extent ; 
but it is a little more soluble in sulphide of ammonium, especially 
when yellow and hot. The latter reasrent is therefore not well adapted 
to effect the perfect Separation of sulptiide of copper from other metallic 
ßulphides. Sulphide of copper is readily dccomposed and dissolved by 
boiling- nitric acid, but it remains altogether unaffected by boiling 1 dilute 
sulphuric acid. It dissolves completely in Solution of Cyanide of potas- 
sium. In Solutions of salts of copper which contain a very large excess 
of a concentrated mineral acid hydrosulphuric acid produces a precipi- 
tate only after the addition of water. 

ö. Potassa or soda produces a light-blue bulky precipitate of 
hydrate op oxide of copper (Cu O, H (A If the Solution is highly 
concentrated, and the precipitant is added in excess, the precipitate 
turns black after the lapse of some time, and loses its bulkiness, even 
in the cold ; but the change takes place immediately if the precipitate 
is boiled with the fluid in which it is suspended (and which must, if 
necessary, be diluted fbr the purpose). In this process the Cu O, HO 
is converted into 3 Cu 0, HO. 

7. Carbonate of soda produces a greenish-blue precipitate of 

HYDRATED BASIC CARBONATE OF COPPER (Cu 0, C 0, + Cu O, HO), 

which upon boiling chang"es to brownish-black hydrate of oxide of 
copper, and dissolves in ammonia to an azure-blue, and in Cyanide of 
potassium to a colorless fluid. 

8. Ammonia added in small quantity to Solutions of neutral salts 
produces a gTeenish-blue precipitate, consisting" of a basic salt op 
copper. This precipitate redissolves readily upon further addition of 
ammonia to a perfectly clear fluid of a magnificent azure-blue, which 
owes its color to the formation of a basic salt op ammonia and 
oxide of copper. Thus, for instance, in a Solution of sulphate of 
•oxide of copper ammonia produces a precipitate of N H 8 , Cu O + N H 4 0, 
S 3 . In Solutions containing» a certain amount of free acid ammonia 
produces no precipitate, but this azure-blue coloration makes its appear- 
ance at once the instant the ammonia predominates. The blue color 
ceases to be perceptible only in very dilute Solutions. Potassa produces 
b such blue solations in the cold, after the lapse of some time, a preci- 
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pitate of blue hydrate of oxide of copper ; but upon boiling the fluid 
this reagent precipitates the whole of the copper a3 black hydrated 
oxide. Carbonate of ammonia shows the same reactions as ammonia. 

N.B. In the presence of non-volatile organic acids the salts of copper 
are not precipitated by caustic or carbonated alkalies, the resulting 
Solutions having a deep blue color. In presence of sugar or similar 
oreanic substances caustic alkalies proauce precipitates which are 
sol üble in excess of the precipitants ; carbonate of so Ja, however, pro- 
duces a permanent precipitate. 

9. Ferrocyanide of potassium produces in raoderately dilute Solutions 
a reddish-brown precipitate of ferrocyanide of copper (Cu„ Cfy), 
insoluble in dilute acids, but decomposed by potassa. In very hignly 
dilute Solutions the reagent merely producos a reddish coloration. 

10. If the Solution of a salt of oxide of copper is mixed with sulphu- 
rou8 acid or with hydrochloric acid and sulphite of soda, and sulpho- 
cyanide of potassium is then added, the subsulpiIocyanide of copper 
(Cu,, Cy S,) is thrown down. The precipitate is white, and is practically 
insoluble in water and dilute acids. 

11. MetalUe iron when brought into contact with concentrated Solu- 
tions of salts of copper is almost i'mmediately covered with a copper-red 
coating of metallic copper; very dilute Solutions produce this 
coating only after some time. Presence of a little free acid accelerates 
the reaction. If a fluid containing copper and a little free hydrochloric 
acid is poured into a platinum Capsula (the lid of a platinum crucible), 
and a small piece of zinc is introduced, the bright platinum surface 
speedily becomes covered with a coatino of copper; even with very 
dilute Solutions this coating is clearly discernible. If a piece of iron 
wire is inserted into a spiral formed from a rather stout platinum rvire } 
and the whole is then placed in a slightly acidified Solution of copper, 
the platinum wire will after some time be found to be coated with 
copper. 

12. If a mixture of a Compound of copper with carbonate of soda is 
exposed on a charcoal support to the inner ßame of the blowpipe, 
metallic copper is obtained, without incrustation of the charcoal. 
The reduction may be also very conveniently effected in the stick of 
charcoal (p. 24). The best method of freeing the copper from the 
particles of charcoal is to triturate the fused mass in a small mortar with 
water, and to wash off the charcoal powder, when the copper-red 
metallic particles will be left behind. 

13. If copper, or some alloy containing copper, or a trace of a salt 
of copper, or even simply the loop of a platinum wire dippcd in a highly 
dilute copper Solution, is introduced into the fiising zone of the gas 

Jlaine, or exposed to the inner blowpipe t flame 9 the upper or outer portion 
of the flame shows a magnificent eraerald-green tint. Addition of 
hydrochloric acid to the sample considerably heightens the beauty and 
delkacy of this reaction. The flame then has an azure color. 

14. Borax readily dissolves oxide of copper in the outer gas- or 
blowpipe-flame. The beads are green while hot, blue when cold. In 
the inner iiame the bead is colorless unless a very large quantity of 
copper is present ; when cold it is red and opaque. In the lower re- 
ducing zone of the Bunsen gas flame the bead does not become reddish- 
brown until the addition of binoxide of tin, when this chan^e rapidly 
takes place, owing to the production of suboxide of copper. If the bead 
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iß introduced alternately into the lower oxidizing zone and the lower 
reducing zone, it becomes ruby red and transparent. 

§ 121. 
e. Teroxide of Bismuth (BiO t ). 

1. Bismuth has a reddish tin-wliite color and moderate metallic 
lustre ; it is of medium hardness, brittle, readily rusible ; fused upon a 
charcoal support it forms an incrustation of yellow teroxide. It dis- 
solves readily in nitric acid, but is nearlv insoluble in hydrochloric acid 
and altogether so in dilute sulphuric acid. Concentrated sulpburic acid 
converts it into sulphate of teroxide of bismuth, with evolution of sul- 
phurou« acid. 

2. The teroxide of bismuth is a yellow powder, which tran- 
siently acquires a deeppr tint when heated. It iuses at a red heat. 
Hydrate oi teroxide of bismuth is white. Both the teroxide and its 
hydrate dissolve readily in hydrochloric, sulphuric, and nitric acids. 
The grayish-black binoxidk of bismuth and the red bismuthic 
acid (Bi 0.) are converted into teroxide by ignition in the air. By 
heating witn nitric acid they are converted into nitrate of teroxide of 
bismuth. 

3. The salts of teroxide of bismuth are non-volatile ; most of 
them are decomposed at a red heat. Terchloride of bismuth is volatile. 
The salts of teroxide of bismuth are colorless or white ; some of them 
are soluble in water, others insoluble. The soluble salts in the neutral 
»täte redden litmus-paper ; they are decomposed by a large quantity of 
water into insoluble oasic salts, which separate, whilst the greater 
portion of the acid remains in Solution together with some teroxide of 
Dismuth. 

4. Hydrosulphuric acid and sulphide of ammonium produce in neutral 
and acid Solutions black precipitates of tersulphide of bismuth, 
which are insoluble in dilute acids, alkalies, alkaline sulphides, and 
Cyanide of potassium, but are readily decomposed and dissolved by 
boiling nitric acid. In Solutions of salts of bismuth which contain a 
Tery considerable excess of hydrochloric or nitric acid, hydrosulphuric 
acid produces a precipitate only after the addition of water. 

5. Potassa and ammonia throw down hydrate of teroxide of 
bismuth as a white precipitate, which is insoluble in an excess of the 
precipitant. 

6. Carbonate of soda and carbonate of ammonia throw down BASIC 

CARBONATE OF TEROXIDE OF BISMUTH (Bi 0„ C 0,), as a white 

bulky precipitate, which is insoluble in excess of the precipitant, and 
in Cyanide of potassium. Warnung assists the precipitation. 

7. BichromaU of potassa precipitates Chromate of teroxide of 
bismuth (BiO„2CrO t ) as a yellow powder. This substance differs 
from Chromate of lead in being readily soluble in dilute nitric acid and 
insoluble in potassa. 

8. Dilute sulphuric acid fails to precipitate moderately dilute Solutions 
of nitrate of teroxide of bismuth. On evaporating with an excess of 
sulphuric acid on the water-bath to dryness, a white saline mass is left, 
which always dissolves readily to a clear fluid in water acidified with 
sulphuric acid (characteristic difference between teroxide of bismuth 
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and oxide of lead). After long Standing (several days occasionally) 
basic sulphate of teroxide of bismuth (fei O s , S 0„ + 2 aq.) separates 
irom this Solution in white microscopic needle-shaped crystals, which 
dissolve in nitric acid. 

9. The reaction which characterizes the teroxide of bismuth more 
particnlarly is the decomposition of its neutral salts by water, which is 
attended with Separation of insoluble basic salts. The addition of a 
large amount of water to Solutions of salts of bismuth causes the imme- 
diate formation of a dazzling white precipitate, provided there be not 
too much free acid present. This reaction is the most sensitive with 
terchloride of bismuth, as the basic chloride of bismuth (Bi Cl„ 
2 Bi O t ) is almost absolutely insoluble in water. Where water fails to 
precipitate nitric acid Solutions of bismuth, owing to the presence of too 
much free acid, a precipitate will almost invariably make its appearance 
immediately upon addition of Solution of chloride of sodium or chloride 
of ammonium. Presence of tartaric acid does not interfere with the 
precipitation of bismuth by water. 

10. On umring a Solution of bismuth with an excess of Solution of 
protochloride of tin in potassa or soda, a black precipitate of binoxide 
of bismuth will fall. f lhis is a very characteristic ana delicate reaction. 

11. Jf a mixture of a Compound of bismuth with carhmate of soda is 
exposed on a charcoal support to the reducing Jiame, brittle olobules 
of bismuth are obtained, which fly into pieces under the stroke of a 
hammer. The charcoal becomes covered at the same time with a slight 
incrustation of teroxide of bismuth, which is orange-colored whilst 
hot, yellow when cold. The reduction may be also conveniently effected 
in the stick of charcoal (p. 24). On triturating the end of the charcoal 
stick containing the reduced metal, yellowish spangles will be obtained. 

12. The metallic incrustation, obtained according to p. 25, is black 
with a brown edge. The incrustation of oxide is yellowish- white ; it is 
turned black by protochloride of tin and soda, see 10 (difference from 
the incrustation of oxide of lead). The incrustation of iodide is bluish- 
brown with red edge. The incrustation of sulphide is umber-colored 
with coffee-colored edge, not dissolved by sulphide of ammonium 
(Bunsen). 

§ 122. 
d. Oxide of Cadmium (Cd 0). 

1. Metallic cadmium has a tin-white color : it is lustrous, not 
very hard, malleable ; it fuses at a temperature oelow red heat, and 
volatilizes at a temperature somewhat above the boiling point of mer- 
cury, and may accordingly easily be sublimed in a glass tube. Heated 
on charcoal before the blowpipe it takes fire and bums, emitting brown 
fumes of oxide of cadmium, which form a coating on the charcoal, 
Hydrochloric acid and dilute sulphuric acid dissolve it, with evolution 
of hydrogen ; but nitric. acid dissolves it most readily. 

2. Oxide of cadmium is a brown, fixed powder; its hydrateis 
white. Both the oxide and its hydrate dissolve readily in hydrochloric, 
nitric, and sulphuric acids. 

3. The salts of oxide of cadmium are colorless or white ; some 
of them are soluble in water. The soluble salts in the neutral State 
redden liUnus-paper, and are decomposed at a red heat. 
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4. Hydrosulphnric acid and sülphide of ammanium produce in alkaline, 
neutral, and acid Solutions, bright vellow precipitates of sülphide of 
cadmiüm (CdS), which are insoluble in dilute acids, alkalies, alkaline 
sulphides, and Cyanide of potassium (difference frora copper). They are 
readily decomposed and dissolved by boiling nitric acid, as well as by 
boiling hydrochloric acid and by boiling dilute sulphuric acid (difference 
from copper). In Solutions of salts of cadmium containing a large 
excess of acid, hydrosulpkuric acid produces a precipitate only after 
dilution with water. 

ö. Potassa and soda produce white precipitates of hydrate OP 
oxide of cadmium (Cd 0, H 0), which are insoluble in an excess of 
the precipitants. 

ö. Ammonia likewise precipitates white hydrate of oxide of 
cadmium, which however redissolves readily and completely to a 
colorless fluid in an excess of the precipitant. 

7. Carbonate of soda and carbonate of ammonia produce white pre- 
cipitates of carbonate of cadmium (Cd 0, C 0), which are insoluble 
in an excess of the precipitants. The presence ot salts of ammonia im- 
pedes the precipitation ; free ammonia prevents it. The precipitate is 
readily soluble in Cyanide of potassium. It takes some time to separate 
from dilute Solutions; warming assists the Separation greatly. 

8. Sulphocyanide of potassium does not throw down Solutions of 
cadmium, even after the addition of sulphurous acid (difference rom 
copper). 

9. If a mixture of a Compound of cadmium with carbonate of soda is 
exposed on a charcoal support to the reducingßame y the charcoal becomes 
covered with a brownish yellow coating of oxide of cadmium, owing 
to the instant volatilization of the reduced metal and its subsequent re- 
oxidation in passing through the oxidizing flame. The coating is seen 
most distinctiy after cooling. 

10. The metallic incrustation obtained according to p. 25 is black 
with brown edge. The incrustation of oxide is brownish black, the ed<re 
passing from brown to white. The incrustation of'iodide is white. The 
incrustation of sülphide is lemon yellow, not dissolved by sülphide of 
ammonium (Bunsen.) 

§123. 

Recapitulation and remarhs. — The perfect Separation of the metallic 
oxides of the second division of the fifth group from suboxide of mercury 
and oxide of silver may, as already stated, be effected by means of hydro- 
chloric acid; but this agent fails to separate them completely from 
oxide of lead. Traces of salt of oxide of mercury, which are at nrst re- 
tained by the precipitated chloride of silver by surface attraction, are 
dissolved out completely by washing (G. J. Mulder). The oxide of 
mercury is distinguished from the other oxides of this division by the 
insolubility of the corresponding sülphide in boiling nitric acid. This 
property affords a convenient means tor its Separation. Only care must 
always be taken to free the sulphides completely by washing from all 
traces of hydrochloric acid or a chloride that may happen to be present, 
before proceeding to boil them with nitric acid. Moreover, the reac- 
tions with protochloride of tin or with metallic copper, as well as those 
in the dry way, will, after the previous romoval of the suboxide, always 
readily indicate the presence of oxide of mercury. When the moist 
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way is chosen, the sulphide of mercury is dissolved most conveniently 
by heating it with hydrochloric acid and a small crystal of chlorate of 
potassa. 

From the still remaining oxides the oxide of lead is separated by 
addition of sulphuric acid. The Separation is the most complete if the 
fluid, after addition of dilute sulphuric acid in excess, is evaporated on 
the water-bath, the residue diluted with water, slightly acidified with 
sulphuric acid, and the undissolved sulphate of lead filtered otf imme- 
diately. The sulphate of lead may be turther examined in the dry way 
by the reaction deseribed in § 117, 10, or also as follows: — Pour over 
a small }>ortion of the sulphate of lead a Utile of a Solution of Chromate 
of potassa, andapply heat, which will convert the white precipitate into 
yellow Chromate of lead. Wash this, add a little Solution of potassa or 
soda, and heat ; the precipitate will now dissolve to a clear fluid ; by 
acidifying this fluid with acetic acid, a yellow precipitate of Chromate of 
lead will ajrain be produced. After the removat of tue oxides of mercury 
and l«»ad, tne teroxide of bismuth may be separated from oxide of copper 
and oxide of cadmium by addition of aramonia in excess, as the latter 
two oxides are soluble in an excess of this agent. If the precipitate, 
after being" filtered off, is dissolved in one or two drops of hydrochloric 
acid on a watchglass, and water added, the appearance of a milky tur- 
bidity is a confirmation of the presence of bismuth. — The presence of a 
notable quantity of oxide of copper is revealed by the blue color of the 
ammoniacal Solution ; smaller quantities are detected by evaporatttur 
the ammoniacal Solution nearly to drvness, adding a little acetic acid, 
and then ferrocyanide of potassium. The Separation of oxide of copper 
from oxide of cadmium may be effected by evaporating the ammoniacal 
Solution to a small bulk, acidifying with hydrochloric acid, adding a 
little sulphurous acid and sulphocyanide of potassium, filtering off the 
Bubsulphocyanide of copper, and precipitating the cadmium in the 
filtrate by hydrosulphunc acid (an unnecessarily large excess of sul- 
phurous acid must of course be avoided). The Separation of oxide of 
copper from oxide of cadmium may also be effected bv acting on the 
BUlphides with Cyanide of potassium or with boiling dilute sulphuric 
acid (5 parts of water to 1 part of concentrated acid). In the two latter 
methods the Solution of the copper and cadmium is precipitated by hydro- 
sulphuric acid, and the precipitate separated from the fluid by decantation 
or filtration. On treating the precipitate now with some water and a 
small lump of Cyanide of potassium, the sulphide of copper will dissolve, 
leaving the yellow sulphide of cadmium undissolved. By boiling the 
precipitate of the mixed sulphides, on the other hand, with dilute sul- 
phuric acid, the sulphide of copper remains undissolved, whilst the 
sulphide of cadmium is obtained in Solution. Hydrosulphuric acid will 
therefore now throw down from the filtrate yellow sulphide of cadmium 
(A. W. Hofmann). 

Special Reaction* of the rarer Oxides of thefifth group. 

§ 124. 
o. Pbotoxidi op Palladium (Pd 0). 

Palladium i* fonnd in the metallic state, occAxionally alloyed with gold and silver, 
bot mure partioalariy in pUtinum ores. It greatly reteuibles platinum, bat is somt- 
whai d*rk«r in oolor. It fnaei with great difficulty. ileated in tbe air to doli rodneis 
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it becomes covered with a blue film : but it recovers ite light color and metallic lustre 
upon more intense ignition. It iß sparingly soluble in pure nirric acid, but dissolves 
somewhat inore readily in nitric acid containing nitrous acid ; it dissolves very sparingly 
in boiling concentrated sulphuric acid, but it is soluble in fusing bisulpbate of potassa, 
and readily soluble in nitrohydrochloric acid. There are three oxides, the suboxide 
(Pd, O), tbe protoxide, and tbe binoxide. Protoxihe of Palladium is black, its 
hydrate dark- brown ; both are by intense ignition resolved iuto oxygen and metallic 
palladium. Binoxide of Palladium is black ; by heating witb dilute hydrocbloric 
acid it in dissolved to protochloride, witb evolution of chlorine. The balts of 
PBOToxidk of Palladium are mostly soluble in water; they are brown or reddish- 
brown ; their concentrated Solutions are reddishbrown ; their dilute Solutions yellow. 
Water precipitates frora a Solution of i titrate of protoxide of palladium containing a 
elight excess of acid a brown basic aalt. Tbe oxygen salts, as well as the prot chloride 
are decomposed by ignition, leaving metallic palladium behind. Hydrosulphuric acid 
and sulphide of ammonium throw down frora acid or neutral Solutions black proto- 
sulphide of palladium, which does not dissolve in sulphide of ammonium, but is soluble 
in boiling hydrochloric acid, and readily soluble in nitrohydrochloric acid. From the 
Solution of the protochloride potassa precipitates a brown basicsalt, soluble in au excess 
of the precipitant ; ammonia flesb-colored animonio*protochloride of palladium (Pd Cl, 
N H s ), soluble in excess of ammonia to a colorless fluid, from which hydrochloric acid 
throw s down yellow crystalline chloride of palladium-amruonium (N Pd H 3 , Cl). 
Cyanide ofmercury throws down yeilowish-white protocyanide of palladium as a gela- 
tinous precipitate, slightly soluble in hydrochloric acid, readily soluble in ammonia 
(especially characteristic). Protochloride of tin produces, in absence of f.ee hydro- 
chloric acid, a brownish- black procipitate ; in presence of free hydrochloric acid, a red* 
oolored Solution, which speedily turns brown and ultimately greeu, acd upon addition 
of water brownUb-red. Sulphate of protoxide of iron produces a deposit of palladium 
on the sides of theglass. lodide ofpotassium precipitates black protiodide of palladium 
(very characterUtic). Chloride of potassium precipitates from highly concentrated 
Solutions potassio-protocbloride of palladium (K Cl, PdCI), in the form of golden-yellow 
needles, which dissolve readily in water toa daik-red fluid, but are innoluble in absolute 
aloobol. Nitrite of potassa produces in not too dilute Solutions a yellowish, crystalline 
precipitate which becomes reddish on long stand ing and is soluble in much water. 
Sulphocyanidc of potassium does not precipitate palladium, even after tbe addition of 
sulphurous acid (difierence from copper, and best means of separating from the same). 
On treatment with carbonate ofsoda in the upper oxidizing flame (p. 23) all the Com- 
pounds of palladium yield a gray metallic sponge. 

o. Sesquioxide of Rhodium (Ro,Oj). 

Rhodium is found in small quantity in platinum ores. It is almost silver white, 
very malkable, and difficultly fusible. When prepared in the wet way it is a gray 
powder. Tbe powder when ignitcd in the air absorbs oxygen, which it gives up again 
upon stronger ignition. Rhodium is insoluble in all acids ; it dissolves in aqua regia 
only when alloyed with platinum, copper, &o., and not when alloyed with gold or 
silver. Fusing metaphosphoric acid and fusing bisulpbate of potassa dissolve it, 
form ing a salt of the sesquioxide. There are four oxides : the protoxide, sesquioxide 
(base of the salts), binoxide, and tetroxide (a wtak acid). The bksquioxidk is gray, 
it fonns a yellow and a brownish -black hydrate ; it is insoluble in acids, but dissolves 
in fusing metaphosphoric acid and in fusing bisulphate of potassa. The Solutions are 
rose-colored. SuXpkurdUd hydrvgen and sidptiide of ammonium precipitate in time, 
especially when assisted by heat, a brown sulphide, which is insoluble in sulphide of 
ammonium, but dissolves in boiling nitric acid. Potassa, if added in not too large 
excess, throws down at once yellow Ro t O„ 5 H O, which is soluble in excess of the 
precipitant at the ordinary temperature ; on boiling the Solution, black ish -brown 
Ro 3 O s , 3 H is precipitated. In a Solution of the sesquichloride, potassa at first pro- 
duces no precipitate, but, on addition of alcohol, black R<» a O^ 3 H O separates 
soon (Claus). Ammonia produces after some time a yellow precipitate, soluble in 
hydrochloric acid. Zinc precipitates black metallic rbodiuui. On heating witb nitrite 
of potassa, the sesquichloride of rhodium becomes yellow, and an orange-yellow preci« 
pitate is fonned, which is slitfhtly soluble in water, but readily solul.le in hydrochloric 
acid ; at the same time another portion of the rhodium is converted iuto a yellow aalt, 
which reinains in Solution and is precipitated by alcohol (Gibbs). All solid Com- 
pounds of rhodium, on ignition in hydrogen, or on ignition on a platinum wire with 
carbonate ofsoda in the upper oxkUzing flaute, yield the metal, which is well charac* 
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terized by its insolubility in aqua regia, its solubility in fusing bisulphate of potassa, 
and the bebavior of its Solution to potasaa and alcohol. 

c. Oxides op Osmium. 

Osmtttm iß fotind in platinum ores as a native alloy of osmium and iridiam. It is 
jgenerdly obtained as a black powder, or gray and witb metallic lustre ; it is infusible. 
Tbe metal, the pbotoxide (Os 0), and the binoxide oxidize readily when heated to 
redness in the air, and give 08MIC acid (Oh 4 ), whicli volatilizes and roakes its 
presence speedily known bv its peculiar ezceedingly irritating and offensive smell, 
reserablüig that of chlorine and iodine (highly characteristic). If a little osmium on a 
strip of platinum foil is held in the outer mantle of a gas or alcohol fiame, at half 
height, the fiame becomes most strikingly luminous. Even minute traces of osmium 
may by this reaction be detected in alloys of iridium and osmium ; but the reaction is 
in tbat case only momentary ; it may however be reproduced by hold mg the sample 
first in the reducing flame, tben again in the outer mantle. Nitric acid, more particu- 
larly red fuming nitric acid, and aqua regia dissolve osmium to osmic acid. Application, 
of heat promotes the Solution, which is however attended in that case with volatiliza- 
tion of osmic acid. Yery incensely ignited osmium is insoluble in aciclo. It is fused 
with nitrate of potassa, and the fused mass distilled with nitric acid ; the osmic acid is 
fouud in the dist'ülate. By heating osmium in dry chlorine free from air, first bluish- 
black protocblobidk is formed, but always only in emall quantity, theu the more 
volatile and red bichlobiob ; if moist chlorine is used, a green mixture of both Chlorides 
is formed. The protochloride dissolves with a blue color, the bichloride with a yellow 
color, and both together with a green color, which turns red. The Solutions are soon 
decoin poeed, osmic acid, hydrochloric acid, and a mixture of pro toxi de and binoxide 
being formed, the mixed oxides separating as a black powder. On heating a mixture 
of powder of osmium, or of sulphMe of osmium, and chloride of potassium, in chlorine, 
a double salt of bichloride of osmium ano Chlorids of potassium is produced in 
the form of octahedra, which are slightly soluble in water and insoluble in alcohol.- 
The Solution of this double salt is more permanent than that of the bichloride. 
Potassa decolnrizes the Solution ; on boiling bluish- black, hydrated binoxide of osmium 
separates. On fusing the double chloride with carbonate of soda, dark gray binoxide 
of osmium separates. The anhydrous osmic acid has no effect on litmus, and cannot 
form salts. It is white, crystalline, fusible dt a gentle heat, and boils at about 100° ; 
tbe fumes attack the nose and eyes powerfully. Heated with water, it fuses and 
dissolves, but slowly. Tbe Solution has an irritating, unpleasant smell. Alkalies 
color the Solution yellow, in consequence of the formation of osmite of potassa (KO, 
Os Oj) ; on distilling, the greater partof the osmic acid passes over (very characteristic), 
the remainder splits into oxygen and osmious acid, or on boiling into osmic acid, 
binoxide of osmium, and potassa. Osmic acid decolorizes indigo Solution, separates 
iodine from iodide of potassium, converts alcohol into aldehyde and acetic acid. 
Nitrite of potassa readily reduces it to osmite of potassa. Hydrosulphuric acid preci- 
pitates br»>wnish- black sulphide, which only separates when a strong acid is present ; 
the precipitate is innoluble in sulphide of ammonium. Sulphite of soda produces a 
deep violet coloration, and dark- blue sulphite of protoxide of osmium gradually sepa- 
rates, especially on evaporating or warming with nulpbate or carbonate of soda. Sul- 
phaie ofiron produces a black precipitate of binoxide. Protochloride of tin produces 
s brown precipitate, soluble in hydrochloric acid to a brown fluid. Zinc and many 
metals in the presence of a strong acid precipitate metallic osmium. All the Com- 
pounds of osmium yield the metul on ignition in acurrent of hydrogen. 

d. Oxides of Ruthenium. 

Ruthenium is found in small quantity in platinum ores. It is a grayish-white 
brittle and very difficultly fusible metal. It is baruly acted upon by aqua regia ; 
fbsing bisulphate of potassa fails altogether to affect it. By ignition in the air it is 
eonverted into bluish- black sesquioxide inooluble in acids ; by ignition with chloride of 
potatfsiura in a current of chlorine gas into potasnio-sesquichloride of ruthenium ; by 
fusion with nitrate of potassa, with hydrate of potassa, or with chlorate of potassa, 
into ruthenate of poias*a (K O, Ru O s ). The fused mass obtained in the latter case 
is greenish- black, and dissolves to an orange -colored fluid, which tinges the skin black, 
from Separation of black oxide. Acids throw down from the Solution black sesquioxide, 
which dissolves in hydrochloric acid to an orange- yellow fluid. This Solution is rexolved 
by heat into hydrochloric acid and brownish black sesquioxide. In a concentrated 
State it gives with chloride of potassium and chloride of ammonium crystalline glossy- 
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violet precipitates, which on boiling with water deposit black oxyprotochloride. 
Potassa precipitates black hydrate of sesquioxide of ruthenium, wbich is insoluble in 
alkalies, but dissolves in acids. Hydrosulphuric acid gas causes at first no alteration ; 
but after souie time the fluid acquires an azure-blue tint, and deposits brown sulphide 
of ruthenium (very characteristic). Sulphide of ammonium produces brownish -black 
precipitates, barely soluble in an excess of the precipitant. StUpkocyanide ofpotassium 
produces — in the absence of otber metals of the platinum ores — after some time a red 
coloration, which gradnally changes to purple-red, and upon heating to a fine violet 
tint, very characteristic. Zinc produces at firat an azure-blue coloration, which sub- 
sequently disappears, ruthenium beinvr deposited at the same time in the metallic 
State. Nitrite of potassa colors the Solution yellow, with the formation of a double 
■alt, which is readily soluble in water and alcobol. The alkaline Solution of this 
double salt, when mixed with a little colr>rless sulphide of ammonium, turne crimson 
(characteristic) ; on the addition of more sulphide of ammonium, sulphide of ruthenium 
is precipitatecL 

§ 125. 

SIXTH GROUP. 

More common oxides : — Teroxide of Gold, Binoxide of Pla- 
tinum, Protoxide of Tin, Binoxide of Tin, Teroxide of Anti- 
mony, arseniou9 add and ar8enic add. 

Rarer oxides: — Oxides of Iridium, Molybdenum, Tungsten, 
Tellurium, Selenium. 

The higher oxides of the elements belonging to the sixth group are 
all of them more or less strongly pronouuced acids. But we class them 
here with the bases, as tliey cannot well be separated from the lower 
degrees of oxidation of the same elements, to which they are very 
closely allied in their reactions with hydrosulphuric acid. 

Properties of the group. — The sulphides corresponding to the oxides 
of the sixth group are insoluble in dilute acids. These combine with 
alkaline sulphides (either immediately, or with the aid of sulphur) to 
soluble sulphur salts, in which they take the partof the acid. Hydro- 
sulphuric acid precipitates these oxides therefore, like those of the fifth 
group, completely from acidified Solutions. The precipitated sulphides 
aiflfer however from those of the fifth group in this, that they dissolve 
in sulphide of ammonium, sulphide of potassium, &c, and are repreci- 
pitated from these Solutions by addition of acids. 

We divide the more common oxides of this group into two classes, 
and distinguish, 

1. Oxides whose corresponding sulphides are insoluble 
in hydrochloric acid and in nitric acid, and are reduced to 
the metallic State upon fusion with nitrate and carbonate of soda : viz., 
Teroxide of gold and binoxide of platinum. 

2. Oxides whose corresponding sulphides are soluble in 
boiling hydrochloric acid or nitric acid, and are upon fusion 
with nitrate and carbonate of soda converted into oxides or acids : viz., 
Teroxide of antimony, protoxide and binoxide of tin, arsk- 
nious and arsenic acids. 
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FIRST DIVISION. 

Special Reactions. 
§ 126. 

a. Teroxide of Gold (Au 0,). 

1. Metallic oold bas a reddish-yellow color and a high metallic 
lustre : it is rather soft, exceedingly malleable, diflicultly fusible : it 
does not oxidize upon ignition in the air, and is insoluble in hydro- 
chloric, nitric, and sulphuric acids ; but it dissolves in fluids containing 
or evolving chlorine, e.g, y in nitrohydrochloric acid. The Solution con- 
tains terchloride of gold. 

2. Teroxide of oold is a blackish-brown, its hydrate a chest- 
nut brown powder. Both are reduced by light and heat, and dissolve 
readily in hydrochloric acid, but not in dilute oxygen acids. Concen- 
trated nitric and sulphuric acids dissolve a little teroxide of gold ; 
water reprecipitates it from these Solutions. Protoxide of oold 
(Au 0) is violet-black ; it is decomposed by heat into gold and 
oxygen. 

5. Oxygkn salts of gold are practically unknown. The haloid 
salts are yellow, and their Solutions continue to exhibit this color up 
to a high degree of dilution. The whole of them are readily decom- 
posed by ignition. Neutral Solution of terchloride of gold reddens 
litmus-paper. 

4. Hydrosulpkuric acid precipitates from neutral or acid Solutions 
the whole of the metal, from cold Solutions as tersulphide of 
oold, from boiling Solutions as protosulphide of gold (Au S). 
The precipitates are insoluble in hydrochloric and in nitric acid, but 
Boluble in nitrohydrochloric acid. They are insoluble in colorless 
sulphide of ammoniuin, but soluble in yellow sulphide of ammonium, 
ana more readily still in yellow sulphide of sodium or sulphide of 
potassium. 

Ö. Sulphide of ammonium precipitates brownish-black tersulphide 
of oold, which redissolves in an excess of the precipitant only if the 
latter contains an excess of sulphur. 

6. Ammonia produces, though only in concentrated Solutions of gold, 
reddish-yellow precipitates off uhninatirig gold. The more acid the Solu- 
tion and the greater tue excess of ammonia added, the more gold remains 
in Solution. 

7. Protochloride of tin containing an admixture of bichloride (which 
may be easily prepared by mixing Solution of protochloride of tin with 
a little chlorine water), produces even in extremely dilute Solutions of 
gold, a purple-red precipitate (or coloration at least), which sometimes 
inclines rather to violet or to brownish-red. This precipitate, which has 
received the name of purple of cassius, is insoluble in hydrochloric 
acid. It is assumed to be a hydrated Compound of binoxide of tin and 
protoxide of gold with protoxide and binoxide of tin (Au 0, Sn O t + 
8nO,SnO, + 4HO). 

8. Salts of protoxide of iron reduce the terchloride of gold in its Solu- 
tions, and precipitate metallic oold in form of a most minutely 
divided brown powder. The fluid in which the precipitate is suspended 
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appears of a blackish-blue color by transmitted light. The dried pre- 
cipitate shows metallic lustre when pressed with the blade of a knite. 

9. Nitrite of potassa produces a precipitate of metallic gold. In very 
dilute Solutions the fluid at first only appears colored blue, but in time 
the whole of the gold separates. 

10. Potassa or soda added in excess to terchloride of goldleaves the 
fluid clear, but upon addition of tannic acid metallic gold separates. 
"Warming assists the precipitation. 

11. All Compounds of gold are reduced in the stick of charcoal 
(p. U4). By triturating the charcoal afterwards, spangles of metal 
will be obtained, which are insoluble in nitric acid, but readily soluble in 
aqua regia. 

§ 127. 

b. Binoxide op Platinum (PtO a ). 

1. Metallic platinum has a light steel-gray color; it is very 
lustrous, moderately hard, very difficultly fusibie ; it does not oxidize 
upon ignition in the air, and is insoluble in hydrochloric, nitric, and 
sulphuric acids. It dissolves in nitrohydrochloric acid, especially upon 
heating. The Solution contains bichloride of platinum. 

2. Binoxide of platinum is a blackish-brown, its htdrate a 
reddish-brown powder. Both are reduced by heat; they are both 
readily soluble in hydrochloric acid, and difficultly soluble in oxygen 
acids. The protoxide of platinum (Pt 0) is black, its hydrate 
brown ; they are both by ignition reduced to the metallic State. 

8. The salts of binoxide of platinum are decomposed at a red 
heat. They are yellow. Bichloride of platinum is reddish-brown, 
its Solution reddish-yellow, which tint it retains up to a high degree of 
dilution. The Solution reddens litmus-paper. Exposure to a very low 
red heat couverts bichloride of platinum to protochloride (Pt Cl) ; ap- 
plication of a stronger red heat reduces it to the metallic State. Solu- 
tion of bichloride of platinum containing protochloride has a deep brown 
color. 

4. Hydrosulphuric acid throws down frorn acid and neutral Solutions, 
but always ouly after the lapse of some time, a blackish-brown precipi- 
tate of bisilphide of platinum. If the Solution is heated alter the 
addition of the hydrosulphuric acid the precipitate forms immediately. 
It dissolves in a great excess of alkalioe sulphides, more particularly of 
the higher degrees of sulphuration. Bisulphide of platinum is insoluble 
in hydrochloric acid and in nitric acid ; but it dissolves in nitrohydro- 
chloric acid. 

5. Sulphidc of ammonium produces the same precipitate ; this redis- 
solves completely, though slowly and with difficulty, in a large excess 
of the precipitant if the latter contains an excess of sulphur. Acids re- 
precipitate the bisulphide of platinum un altered from the reddish-brown 
Solution. 

6. Chloride of potassivm and chloride of ammonium (and accordingly of 
course also potassa ar.d ammonia in presence of hydrochloric acid) pro- 
duce in not too highly dilute Solutions of bichloride of platinum yellow 
crystallina precipitates of potassio- and ammonio- bichloride of 
platinum, which are as insoluble in acids as in water, but are dissolved 
by heating with Solution of potassa. From dilute Solutions these precipi- 
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tates are obtained by evaporating the fluid mixed with the precipitants 
on the water- bath, and treating the residue with a little water or with 
dilute spirit of wine. Upon ignition ammonio-bichloride of platinum 
leaves spongy platinum behind; potassio-bichloride leaves platinum 
and chloride of potassium. The decomposition of the latter Compound 
is complete only if the ignition is etfected in a current of hydrogen gas 
op with addition of some oxalic acid. 

7. Protochloride of tin imparts to Solutions containing much free 
hydrochloric acid an intenselv dark brownish-red color, owing to a 
reduction of the bichloride of platinum to protochloride. But the reagent 
produces no precipitate in such Solutions. 

8. Sulphute of protoxide ofiron does not precipitate Solution of bichlo- 
ride of platinum, except upon very long continued boiling, in which 
case the platinum ultimately suffers reduction. 

9. On igniting a Compound of platinum mixed with carbonate of soda 
on the loop of a platinum wire in tiie Upper oxidizing flarne, a gray 
spongy mass is obtained, which on trituration in an agate mortar yielcfs 
silvery spangles, insoluble in hydrochloric and nitric acid, but soluble 
in aqua regia. 

§ 128. 

Recapitulation and remarks. — The reactions of gold and platinum 
enable us, at least partially, to detect those two metals in the presence 
of many other oxides, and more particularly where platinum and gold 
are present in the same Solution. In the latter case the Solution is most 
conveniently evaporated to dryness at a gentle heat with chloride of 
ammonium, and the residue treated with dilute spirit of wine, in order 
to obtain the gold in Solution and the platinum in the residue. The 
precipitate will thus give platinum by ignition, and the gold may be 
precipitated from the Solution by sulphate of protoxide of iron, after 
removing the spirit of wine by evaporation. 



SECOND DIVISION. 

Special Reactions. 

§ 129. 

a. Protoxide of Tin (SnO). 

1. Tis has a light grayish -white color and a high metallic lustre ; it 
is soft and malleable ; when bent it produces a crackling sound. Heated 
in the air it absorbs oxygen, and is converted into grayish-white 
binoxide ; heated on charcoal before the blowpipe it forras a white in- 
crnstation. Concentrated hydrochloric acid dissolves tin to protochloride, 
with cvolution of hydrogen gas ; nitrohydrochloric acid dissolves it, ac- 
cording to circumstances, to bichloride or to a mixture of üroto- and 
bichloride. Tin dissolves with ditticulty in dilute sulphuric acid ; concen- 
trated sulphuric acid converts it, with the aid of heat. into sulphate 
of binoxiae ; moderately concentrated nitric acid oxidizes it readily, 
particularly with the aid of heat ; the white binoxide formed (hydrate 
of metastannic acid, Sn O t , 2 II 0) does not redissolve in an excessxrf the 

•cid. 

I. L 
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2. Protoxide of tin is a black or grayish-black powder; its 
hydrate is white. Protoxide of tin is reduced by fusion with Cyanide of 
potassium. It is readily soluble in hydrochloric acid. Nitric acid 
converts it into hydrate of metastannic acid, which is insoluble in an 
excess of the acid. 

3. The salts of protoxide of tin are colorless; they are de- 
composed by heat. The soluble salts, in the neutral state, redden litmus- 
paper. The salts of protoxide of tin rapidly absorb oxygen froin the 
air, and are partiaily or entirely converteu into salts of binoxide. Proto- 
chloride of tin, no matter whether in crystals or in Solution, also absorbs 
oxygen from the air, which leads to the formation of insoluble oxy-pro- 
tochloride oftin and bichlorideof tin. Hence a Solution of protochloride 
of tin becomes speedily turbid if the bottle is often opened and there is 
only little free acid present ; and hence it is only quite recently pre- 

Eared protochloride or tin which will completely dissolve in water free 
'om air, whilst crystals of protochloride of tin that have been kept for 
any time will dissolve to a clear fluid only in water containing hydro- 
chloric acid. 

4. Ilgdrosidphurw acid throws down from neutral and acid Solutions 
a dark brown precipitate of hydrated protosulphide of tin (Sn S). 
This reagent does not precipitate alkaline Solutions, or at least not com- 
pletely. The precipitation may be prevented by the presence of a very 
large quantity of free hydrochloric acid. The precipitate is insoluble, 
or nearly so, in protosulphide of ammonium, but dissolves readily in the 
higher yellow sulphide. Acids precipitate from this Solution yellow 
bisulphide of tin, mixed with sulphur. Protosulphide of tin dissolves 
also in Solution of soda and potassa. Acids precipitate from these Solu- 
tions brown protosulphide. IJoiling hydrochloric acid dissolves it, with 
evolution of hydrosulphuric acid ; boiling nitric acid converts it into 
insoluble hvdrate of metastannic acid. 

6. Sulphide of ammonium produces the same precipitate of hydrated . 

PROTOSULPHIDE OF TIN. 

6. Potassa, soda, amtnonia, and carbonates of the alhahes produce a white 
bulky precipitate of hydrate of protoxide of tin (SnO, HO), 
whicn redissolves readily in an excess of potassa or soda, but is insoluble 
in an excess of the other precipitants. If the Solution of hydrate of 
protoxide of tin in potassa is briskly evaporated a Compound of binoxide 
of tin and potassa is forme d, which rcmains in Solution, whilst metallic 
tin precipitates ; but upon evaporating slowly crystalline anhydrous 
protoxide of tin separates. 

7. Terchloride ofgold produces in Solutions of protochloride of tin and 
in Solutions of salts of protoxide of tin mixed with hydrochloric acid a 
precipitate which varies in color between brown, reddish-brown, and 
purple-red, according to the presence of more or less bichloride of tin 
and the State of concentration (compare § 120, 7). In very dilute Solu- 
tions a more or less brown or red coloration merely is produced. 

8. Solution of Chloride of mcrcury, added in excess, to Solutions of 
protochloride or of protoxide of tin mixed with hydrochloric acid, pro- 
duces a white precipitate of subchloride of mercury, owing to 
the protosalt of tin withdrawing from the chloride of mercury half of its 
chlorine. 

9. If a fluid containing protoxide or protochloride of tin and hydro- 
chloric acid is added to a mixture oi ferricyanide of potassium and sesquu 
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Chloride of iron a precipitate of Prussian blue separates immediately, 
owing to the reduction of the ferrieyanide (Fe, Cfdy) to ferrocyanide 
(Fe 4 Cfy,). Fe 4 Cfy 4 * + 2 H Cl + 2 Sn Cl = Fe 4 Cfy, + H, Cfy + 2 Sn Cl,. 
This reaction is extremely delicate, but it can be held to be decisive 
only in cases where no other reducing agent is present. 

10. Zine precipitates from Solutions mixed with bydrocliloric acid 
metallic tin in the form of gray laminse or of a spongy mass. If 
the experinient is made in a platinum capsule, tbe latter is not colored 
black. 

11. If Compounds of protoxide of tin, mixed with cnrbonate of soda 
and sonie borax, or better still, with a mixture of equal parts of car- 
bonaUof soda and Cyanide of potassium, are exposed on a charcoal support 
to the inner blowpipe t ffamc malleable grains of metallic tin are ob- 
tained. The best way of making quite sure ofthe real nature of these 
grains is to triturate them and the surrounding parts of charcoal with 
water in a small mortar, pressing heavilv upon tbe mass ; then to wash 
the charcoal oft' from the metallic particles. Upon strongly heating the 
grains of metallic tin on a charcoal support the latter becomes covered 
with a coating of white binoxide. The stick of charcoal (p. 24) is also 
admirably adapted for the reduction of tin. 

12. If to a borax bead colored slightly blue by copper a trace of a 
Compound of tin is added and the bead is heated in the lower reducing 
fiame of the gas lamp (p. 2Ü), it will become reddish-brown to ruby-red 

in consequence of the reduction of the oxide of copper to suboxide 
(compare § 120, 14). A Compound of tin is essential to this reaction. 

§ 130. 
b. Binoxide of Tin (Sn Ä ). 

1. Binoxide of tin is a powder varying in color from white to 
straw-yellow, and which upon heating transiently assumes a brown tint. 
It forins two different series of Compounds with acids, bases, and water. 
The hydrate precipitated by alkalies from Solution of bichloride of tin 
dissolves readily in hydrochloric acid ; whilst that formed by the action 
of nitric acid upon tin — hydrate of metastannic acid — reniains undis- 
solved. But if it is boiled forsome time with hydrochloric acid it takes 
uj> acid; if the excess of the acid is then poured off, and wator added, a 
clear Solution is obtained. The aqueous Solution of the common bichlo- 
ride of tin is not precipitated by concentrated hydrochloric acid, whilst 
that acid produces in the aqueous Solution of the metastannic chloride a 
white precipitate of the latter Compound. The Solution of the common 
bichloride of tin is not colored yellow by addition of protochloride of 
tan, as is the case in a remarkable degree if the Solution contains meta- 
stannic chloride (Löwkntiial). The dilute Solutions of both chlorides 
of tin give upon boiling precipitates of the hydrates correspondiug to 
the chlorides. 

2. The salts of binoxide of tin are colorless. The soluble 
salts are decomposed at a red heat; in the mu'ral State they redden 
litmu8-paper. Bichloride of tin is a volatile liquid, strongly tuoiing in 
the air. 

3. Hydrosulphuric acid throws down from all acid and neutral solu- 

* 2 Fe, Cfdy » Fe 4 Cfy 4 ; for Cfdy = C lt \ € Fe, = 2 Cfy. 

L2 
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tions, particularly upon hearing, a white flocculent preeipitate if the 
Solution of the binoxide is in excess; a dull yellow preeipitate if the 
hydrosulphuric acid is in excess. The former may safely I»e assumed, 
in the case of a Solution of bichloride of tin. to consist of a mixtnre of 
bichloride and bisulphide of tin (it has not however as yet been ana- 
lysed) ; the latter consists of hydrated bisulphide of tin. Alkaline 
Solutions are not preeipitated by hydrosulphuric acid. Presence of a 
very large quantity of hydrochloric acid may prevent precipitation. 
The bisulphide of tin dissolves readily in potassa or soda. alkaline sul- 

fhides. and concentrated boiling hydrochloric acid. as also in aqua regia, 
t dissolves with some difficultv in ammonia. is nearlv insoluble in car- 
bonate of ammonia. and insoluble in bisu!phite of potassa. Concentrated 
nitric acid converts it into insoluble hydrute of metastannic arid. Upon 
defiagrating bisulphide of tin with nitrate and carbonate of soda sul- 
phate of soda and binoxide of tin are obtained. If a Solution of bisul- 

Shide of tin in potassa is boiled with teroxide of bismuth tersulphide of 
ismuth and binoxide of tin are formed, which latter substance remains 
dissolved in the potassa. 

4. Sulpkide of ammonhim produces the same preeipitate of hydrated 
bisulphide of tin ; the precipitate redissolves readily in an excess of 
the precipitant. From this Solution acids reprecipitate the bisulphide 
of tin unaltered. 

5. Pota*sa y soda, and ammonia, carbonate of soda, and carbammtr of mmme- 
nia produce white precipitates which, according to the nature of the 
Solutions, consist of hydrate of binoxide of tin, or of hydrate of meta- 
stannic acid. The fonner readily dissolves in a slight exce^ of potassa, 
slightly in a large excess; on the otherhand it dissolves only arter con- 
sid« nable dilution in a slight excess of soda, and on addition of more 
soda almost all the binoxide separates again. The latter is hardly 
so 1 üble in excess of potassa or soda. 

6. SnlphaU of soda or nitrate of ammonia (in fact, most neutral salts 
of the alkalies), when added in excess, throw down from Solutions of 
both moiiifica tions of binoxide of tin, provided they are not too acid, the 
whole of the tin as hydrated binoxide or hydrated metastannic 
acid. Heating promotes the precipitation: Sn Cl + 4 (Xa O, S OJ 
+ 4HO = ^O s ,2HO + 2.\aCU2(NaO,HO,2SO ? ). 

7. Metallic zine precipitates from Solutions of bichloride of tin, in the 
presence of free acid, metallic tin in the shape of smail gray scales, 
or as a spongy mass. If the Operation is conducted in a platinum diso, 
no blackening of the latter is observed (diiference between tin and 
anümony). 

8. The Compounds of the binoxide of tin show the same reacttons 
before the blowpipe or in the gas ilame as those of the protoxide. 
Binoxide of tin is also readily reduced when fused with Cyanide of potas- 
sium in a glass tube or in a crucible. 

§ 131. 

c. Teroxide of Axtimont (Sb OJ. 

1. Metallic antimony has a bluish tin-white color and is Instrons ; 
it is hard, brittle, readily fusible, volatile at a very high temperature. 
When heated on charcoal before the blowpipe it emits thick white 
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fumes of teroxide of antiinony, which form a coating on the charcoal; 
this combustion continues for soine tirne even after the removal of the 
metal from the flame ; it is the most distinctly visible if a current of 
air is directed with the blowpipe directly upon the sample on the char- 
coaL But if the sample on the support is kept steady, that the fumes 
may ascend straight, the metallic bead becomes surrounded with a net 
of brilliant acicular crystals of teroxide of antiinony. Nitric acid oxidizes 
antimony readily : the dilute acid converts it almost entirely into ter- 
oxide, the more concentrated the acid the more antimonic acid is formcd, 
boiling concentrated acid converts it almost completely into antimonic 
acid. Neither of the two oxides is altogether insoiuble in nitric acid ; 
traces of antimony are therefore always found in the acid fluid tiltered 
from the precipitate. Hydrochloric acid, even boiling, does not attack 
antimony. In nitrohvdrochloric acid the metal dissolves readily. The 
Solution contains tennioride or pentachloride according to the degreeof 
concentration of the acid and the duration of the action. 

2. According to the different modes of its preparation, teroxide op 
antimony occurs either in the form of white and brilliant crystalline 
needles, or as a white powdcr. It fuses at a moderate red heat in a 
closed vessel ; when exposed to a higher temperature it volatilizes with- 
out decom position. It is almost insoiuble in nitric acid, but dissolves 
readily in hydrochloric and tartaric acids. No Separation of iodine takes 
place on boiling it with hydrochloric acid (free from chlorine) and iodide 
of potassium (free from iodic acid) Bunsen. Teroxide of antimony is 
easily reduced to the metallic State by fusion with Cyanide of potassium. 

8. Antimonic acid (Sb O s ) is paleyellow ; its hydrates are white. 
Both the acid and its hydrates redden moist litmus-paper ; they are 
only very sparingly soluble in water, and almost insoiuble in nitric acid, 
but dissolve pretty readily in bot concentrated hydrochloric acid : the So- 
lution contains pentachloride of antimony and turns turbid upon addition 
of water. On boiling antimonic acid with hydrochloric acid and iodide 
of potassium iodine separates, which dissolves in the hydriodic acid 
present to a brown fluid (Bunsen). Upon ignition antimonic acid loses 
oxygen, and is converted into infusible antimonate of teroxide of 
antimony (SbO„ SbO,). Of the antimonates the potassa and ammonia 
salts are almost the only ones soluble in water : acids precipitate hydrate 
of antimonic acid from the Solutions, chloride of sodium throws down 
from them antimonate of soda (§ 90, 2). 

4. The greater part of the salts of teroxide of antimony are 
decomposed upon ignition ; the haloid salts volatilize readily and un- 
altered. The soluble neutral salts of antimony redden litmus-paper. 
With a large quantity of water they give insoiuble basic salts and acid 
Solutions containing teroxide of antimony. Thus, for instance, water 
throws down from Solutions of terchloride of antiinony in hydrochloric 
acid a white bulky precipitate of basic terchloride of antimony 
(powder of Aigaroth), SbCi„ö Öb0 3 , which after some time becomes 
heavy and crystalline. Tartaric acid dissolves this precipitate readily, 
and therefore prevents its formation if mixcd with the Solution pre- 
viously to the addition of the water. It is by this property that the 
basic terchloride of antimony is distinguished from the basic salts of 
bi8muth formed under similar circurastances. 

ö. Hydrosulphuric acid precipitates from acid Solutions (if the quantity 
of free mineral acid present is not too large), the whole of the metal aa 
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orange-red amorphous tersulphide of antimony. In alkaline 
Solutions tbis reagent fails to produce a precipitate or, at least, it preei- 
pitates them only imperfectly ; neutral Solutions also are only imperfectly 
thrown down by it. The tersulphide of antimony produced is readily 
dissolved by potassa and by alkaline sulphides, especially if the latter 
contain an excess of sulphur ; it is but sparingly soluble in ammonia, 
and, if free from pentasulphide of antimony, almost insoluble in bicar- 
bonate of ammonia. It is insoluble in dilute aeids, as also in aeid sul- 
phite of potassa. Concentrated boiling hydrochloric aeid dissolves it, 
with evolution of hydrosulphuric aeid gas. By heating in the air it is 
converted into a mixture of antimonate of teroxide of antimony with 
tersulphide of antimony. By detiagration with nitrate of soda it gives 
sulphate and antimonate of soda. If a potassa Solution of tersulphide 
of antimony is boiled with teroxide of bismuth tersulphide of bismuth 
preeipitates, and teroxide of antimony dissolved in potassa remains in 
the Solution. On fusing tersulphide of antimony with Cyanide of potas- 
sium metallic antimony and sulphocyanide of potassium are produced. 
If the Operation is condueted in a small tube expanded into a bulb at 
the lower end, or in a stream of carbonic aeid gas (see § 132, 12), no 
Sublimate of antimony is produced. But if a mixture of tersulphide of 
antimony with carbonate of soda or with Cyanide of potassium and carbo- 
nate of soda is heated in a glass tube in a stream of hydrogen gas (compare 
§ 132, 4), a mirror of antimony is deposited in the tube, immediately 
behind the spot oecupied by the mixture. 

From a Solution of antimonic aeid in hydrochloric aeid sulphuretted 
hydrogen throws down pentasulphide of antimony mixed with tersul- 
phide and sulphur. The precipitate dissolves readily when heated with 
Solution of soda or ammonia, and equally so in concentrated boiling 
hydrochloric aeid, with evolution of hydrosulphuric aeid gas and Sepa- 
ration of sulphur, but dissolves only very sparingly in cold bicarbonate 
of ammonia. 

6. Sul/shide ofammonium produces in Solutions of teroxide of antimony 
an orange-red precipitate of tersulphide of antimony, whieh 
readily redissolves in an excess of the preeipitant if the latter contains 
an excess of sulphur. Aeids throw down from this Solution pentasul- 
phide of antimony. However, the orange color appears in that case 
usually of a lighter tint, owing to an admixture of free sulphur. 

7. Potassa, soda, ammonia, carbonate of soda and carbonate of ammonia 
throw down from Solutions of terchloride of antimony, and also of simple 
saits of teroxide of antimony, — but far less completely, and mostly only 
after some time, from Solutions of tartar emetic or analogous Compounds 
— a white bulky precipitate of teroxide of antimony,. whieh redis- 
solves pretty readily in an excess of potassa or soda, but requires the 
application of keat-för its re-solution in carbonate of soda, and is almost 
insoluble in ammonia. 

8. Metallic zinc preeipitates from all Solutions of teroxide of anti- 
mony, if they contain no free nitric aeid, metallic antimony as a 
blaek powder. If a few drops of a Solution of antimony, containing 
some free hydrochloric aeid, are put into a platinum capsule (the lid of 
a platinum crucible), and a fragment of zinc is introdueed, hydrogen 
containing antimonetted hydrogen is evolved and antimony separates, 
staining the part of the platinum covered by the liquid brown or black, 
even in the case of very dilute Solutions : this reaction I can recom- 
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mend as being equally delicate and characteristic. Cold hydrochloric 
acid fails to remove the stain, heating with nitric acid removes it 
immediately. 

9. If a Solution of teroxide of antimony in Solution of potassa or 
soda is mixed with Solution of nitrate of siloer, a deep black preeipitate 
of suboxide of silver forms with the grayish-brown preeipitate of 
oxide of silver. Upon now adding ammonia in excess the oxide is re- 
dissolved, whilst tne suboxide is left undissolved (II. Rose). The 
formation of the suboxide of silver in this process is explained as 
follows : K 0, Sb + 4 Ag = K O, Sb 6 + 2 Ag a O. This exceedingly 
delicate reaction affords raore especially also an excellent means of 
detecting* teroxide of antimony in presence of antimonic acid. 

10. If a Solution of teroxide ot antimony is introduced into a flask 
in which hydrogen gas is being evolved froni pure zinc and diluted sul- 
pkuric acid the zinc oxidizes not only at the expense of the oxygen of 
the water, but also at the expense of that of the teroxide of antimony. 
Antimony separates accordingly in the metallic State ; but a portion of 
the metal combines in the moment of its separaten with hydrogen, 
forming antimonetted hydrogen gas (Sü II 8 ). If this Operation 
is condueted in a gas-evolution tiask, connected by means of a per- 
forated cork with a bent tube ending in a jet,* and the hydrogen pass- 
ing through the jet is ignited after the atmospheric air is completely 
expelled, the flame appears of a bluish-green tint, which is imparted to 
it by the antimony separating and burning in the flame. White fumes 
of teroxide of antimony rise from the flame, which condense readily 
upon cold substances, and are not dissolved by water. But if a cold 
body, such as a porcelain dish (which answers the purpose best), is 
now depressed upon the flame, metallic antimony is deposited upon 
the surface in a state of the most minute division, forming a deep black 
and almost lustreless spot. If the middle part of the tube tnrough 
which the gas is passing is heated to redness the bluish-green tint of 
the flame decreases in intensity, and a metallic mirror of antimony of 
silvery lustre is formed with in the tube on both sides of the heated 
part. 

As the aeids of arsenic give under the same circumstances similar 
stains of metallic arsenic, it is always necessary to carefully examine the 
spots produced, in order to ascertain whether they really consist of 
antimony, or contain any of that metal. With stains deposited on a 
porcelain dish, the objeet in view is most readily attained by treating 
them with a Solution of chlor ide of soda (a Compound of hypochlorite of 
soda with chloride of sodiura, prepared by mixing a Solution of chloride 
of lime with carbonate of soda in excess, and filtering) ; which will 
immediately dissolve arsenical stains, leaving those proeeeding from 
antimony untouched, or, at least, removing them only after a very pro- 
tracted action. A mirror within the glass tube, on the other hand. 
may be tested by heating it whilst the current of hydrogen gas still 
continues to pass through the tube : if the mirror volatilizes only at a 
higher temperature, and the hydrogen gas then issuing from the tube 
does not smell of garlic ; if it is only with a strong current that the 
ignited gas deposits spots on porcelain, and the mirror before volatilizing 

* In aoeurate experiments it is advisable to use Mabsh's apparatus (§ 132, 10). 
By the employment of a platioum jet the oolor of the flame will be rendered very 
dutinet. 
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fuses to small lustrous globules distinctly discernible through a mag- 
nifying glass, — the presence of antimony may be considered eertain. 
Or the metals may be distinguished with gTeat certainty by conducting* 
through tlie tube a very slow stream of dry bydrosulphuric acid gas, and 
heating the mirror, proceeding in an opposite direction to that of the 
current. The antimonial mirror is by this means converted into ter- 
gulphide of antimony, which appears of a more or less reddish-yellow 
color, and almost black when in thick layers. If a feeble stream of dry 
hydrochloric acid gas is now transmitted through the glass tube, the 
tersulphide of antimony, if present in thin layers only, disappears imme- 
diately ; if the incrustation is somewhat thicker it takes a short time to 
dissipate it. The reason for this is, that the tersulphide of antimony 
decomposes readily with hydrochloric acid, and the terchloride of 
antimony formed is exceedingly volatile in a stream of hydrochloric 
acid gas. If the gaseous current is now conducted into some water the 
presence of antimony in the latter fluid may readily be proved by 
means of hydrosulphuric acid. By this combination of reactions 
antimony may be distinguished with positive certainty from all other 
metals. The reaction which hydrogen gas containing antimonetted 
hydrogen shows with Solution of nitrute of silver and with solid potassa 
will be found in § 134, 6. 

11. Jf a mixture of a Compound of antimony with carbonate of soda 
and Cyanide of potassium is exposed on a charcoal support to the reducing 

Jlame of the blowpijw, brittle globuies of metallic antimony are pro- 
duced, which may be readily recognised by the peculiar reactions that 
mark their oxidation (compare § 181, 1). 

12. In the Upper reducing tiame of the gas lamp (p. 23) Com- 
pounds of antimony give a greenish-gray color, and no odor. The 
metallic incrustation is black, sometimes dull, sometimes bright. The 
incrustation of oxide is white. When moistened with neutral nitrate of 
silver, and then blown on with ammonia, it gives a black spot of 
antimonate of suboxide of silver (Bunsen). 

§ 132. 

d. Arsenious Acid (AsO,). 

1. Metallic arsenic has a blaekish-gray color and high metallic 
lustre, which it retains in dry air, but loses in moist air, becoming 
covered with suboxide ; the metallic arsenic of commerce looks there- 
fore rather dull, with a dim bronze lustre on the planes of crystallization. 
Arsenic is not very hard, but very brittle : at a dull red heat it volatilizes 
without fusion. The fumes have a most characteristic odor of garlic, 
which is ascribed to the suboxide of arsenic formed. Heated with free 
access of air arsenic burns — at an intense heat with a bluish flame — 
emitting white fumes of arsenious acid, which condense on cold bodies. 
If arsenic is heated in a glass tube sealed at the lower end the greater 
part of it volatilizes unoxidized and recondenses above the heated spot 
aa a lustrous black Sublimate (arsenical mirror) ; a very thin coating of 
the Sublimate appears of a brownish- black color. In contact with air 
and water arsenic oxidizes slowly to arsenious acid. Weak nitric acid 
converts it, with the aid of heat, into arsenious acid, which dissolves 
only sparingly in an excess of the acid ; Btrong nitric acid converts it 
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partially into arsenic acid. It is insoluble in hydrochloric acid and 
dilute sulphuric acid ; concentrated boiling sulphuric acid oxidizes it to 
arsenious acid, with evolution of sulphurous acid. 

2. Arsenious acid generally presents the appearance either of a 
transparent vitreous or of a white porcelain-like mass. By trituration 
it gives a heavy, white, gritty powder. When heated it volatilizes in 
white inodorous fumes. If the Operation is conducted in a glass tube a 
Sublimate is obtained consisting of small brilhant octahedrons and tetra- 
hedrons. Arsenious acid is only difficultly moistened by water; it 
comports itself in this respect like a fatty substance. It is sparingly 
soluule in cold, but more readily in bot water. It is copiously dissolved 
by hydrochloric acid, as well as by Solution of soda and potassa. Upon 
boiling with nitrohydrochloric acid it dissolves to arsenic acid. It is 
highly poisonous. 

3. The arsenites are mostly decomposed upon ignition either into 
arsenates a*nd metallic arsenic, which volatilizes, or into arsenious acid 
and the base with which it was combined. Of the arsenites those only 
with alkaline bases are soluble in water. The insoluble arsenites 
are dissolved, or at least decomposed, by hydrochloric acid. Anhydrous 
terchloride of arsenic is a colorless volatile liquid, fuming in tue air, 
which will bear the addition of a little water, but is decomposed by a 
larger amount into arsenious acid, which partly separates, ami hydro- 
chloric acid, which retains the rest of the arsenious acid in Solution. If 
a Solution of arsenious acid in hydrochloric acid is evaporated by heat, 
chloride of arsenic escapes along with the hydrochloric acid. 

4. Hydrosulpkuric acid colors aqueous Solutions of arsenious acid 
yellow, but produces no precipitate in theni ; it fails equally to preci- 
pitate aqueous Solutions of neutral arsenites of the alkalies ; but upon 
addition of a strong acid a bricht yellow precipitate of tersulphide 
of arsenic forms at once. Ihe same precipitate forms in like manner 
in the hydrochloric acid Solution of arsenites insoluble in water. Even 
a lar^e excess of hydrochloric acid does not prevent complete preci- 
pitation. Alkaline Solutions are not precipitated. The precipitate is 
readily and completely dissolved by alkalies, alkaline carbonates and 
bicarbonates, and also by alkaline sulphides ; but it is nearly insoluble 
in hydrochloric acid, even though concentrated and boiling. Boiling 
nitric acid decomposes and dissolves the precipitate readily. 

If recently precipitated tersulphide of arsenic is digested with sul- 
phurous acid and acid sulphite of potassa the precipitate is dissolved ; 
upon heating the Solution to boiling the fluid turns turbid, owing to the 
Separation of sulphur, which upon continued boiling is for the greater 
part redissolved. The fluid contains, after expulsion of the sulphurous 
acid, arsenite and hyposulphite of potassa : 2 As S t + 8 (K 0, 2 S 2 ) = 
2 (K 0, As 8 ) + 6 (K 0, S 2 a ) + S 8 + 7 S 0, (Bünsen). 

The deflagration of tersulphide of arsenic with carbonate and nitrate 
of soda gives rise to the formation of arsenate and sulphate of soda. If 
a Solution of tersulphide of arsenic in potassa is boiled with hydrated 
carbonate or basic nitrate of teroxide of bismuth tersulphide of bismuth 
and arsenite of potassa are produced. 

If a mixture of tersulphide of arsenic with from 3 to 4 parts of car- 
bonate of soda, made into a paste with some water, is spread over small 
glass splinters, and these, after being well dried, are rapidly heated to 
redness in a glass tube through which dry hydrogen gas is transmitted, 
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a large portion of the arsenic present is reduced to the metallic State 
and expelled if the temperature applied is suflieiently high. Part of the 
reduced arsenic forms a metallic mirror in the tube, the remainder is 
carried away suspended in the hydrogen gas ; the minute particles of 
arsenic impart a bluish tint to the tiame when tlie gas is kindled, and 
form stains of arsenic upon the surface of a porcelain dish depressed 
upon the flame. The fusion of the mixture of tersulphide of arsenic 
with carbonate of soda first gives rise to the formation of a double ter- 
sulphide of arsenic and sulphide of sodium, and of arsenite of soda 
[2 As S 8 + 4 (Na 0, C 3 ) = 3 Na S, As S, + Na 0, As 0, + 4 C J. Upon 
heating these producta the arsenite of soda is resolved into arsenic and 
arsenate of soda (ö As0 8 = 2 As + 3 As 6 ), and the tersulphide of arsenic 
and sulphide of sodium into arsenic and pentasulphide of arsenic and 
sulphide of sodium (5 AsS g = 2 As + 3 AsS £ ); and by the action of the 
hydrogen the arsenate of soda is also converted into hydrate of soda, 
arsenic, and water. The whole of the arsenic is accordingly expelled, 
except that portion of the metal which constitutes a component part of 
the double pentasulphide of arsenic and sulphide of sodium formed in 
the process, a sulphur sah which is not decomposed by hydrogen 
(H. Rose). This method of reduction gives indeed very accurate 
results, but it does not enable us to distinguish arsenic from antimony 
with a sufticient degree of certainty, nor to detect arsenic in presence 
of antimony. (Compare § 131, ö). The Operation is conducted in the 
apparatus illustrated by fig. 36. a is the evolution tlask, b a tube con- 




Fig. 36. 

taining chloride of calcium, c the tube in which, at the point d, the 
glass splinter with the mixture is placed; this tube is madeof difficultly 
fusible glass free from lead. When the apparatus is completely iilled 
with hydrogen d is exposed to a very gentle heat at first, in order to 
expel all the moisture which may still be present, and then suddenly to 
a very intense heat,* to prevent the Sublimation of undecomposed ter- 
sulphide of arsenic. The metallic mirror is deposited near the point e. 
— Another method of etfecting the reduction of tersulphide of arsenic to 
the metallic State, which combines with the very highest degree of 
delicacy the advantage of precluding the possibility of confounding 
arsenic with antimony, will oe found described in 12 (p. 158). 

* The flame of the gia-lamp, with chimney, or of the blowpipe anawe» thepurpoee 
best. 
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5. Sulphide of ammonium also causes the formation of tersulphide 
of arsen ic. In neutral and alkaline Solutions, however, the tersul- 
phide does not precipitate, but remains dissolved as a double sulphide 
of arsenic and ammonium. From this Solution it precipitates imme- 
diately upon the addition of a free acid. 

6. Nitrate of silver leaves aqueous Solutions of arsenious acid per- 
fectly clear, oratleast producesonly a trifling yellowish-white turbidity 
in them; but if a little ammonia is added a yellow precipitate of 
arsenite of silver (3 Ag 0, As O s ) separates. The same precipitate 
forma of course immediately upon the addition of nitrate of silver to the 
Solution of a neutral arsenite. The precipitate dissolves readily in 
nitric acid as well as in ammonia, and is not insoluble in nitrate of 
ammonia; if therefore a small quantity of the precipitate is dissolved 
in a large amount of nitric acid, and the latter is afterwards neutralized 
with ammonia, the precipitate does not make its appearance again, as 
it remains dissolved in the nitrate of ammonia formed. If an ammo- 
niacal Solution of arsenite of silver is heated to boiling, metallic 
silver separates, the arsenious acid being converted into arsenic acid. 

7. Sulphate of copper produces under the same circumstances as the 
nitrate of silver ayellowish-green precipitate of arsenite of copper. 

8. If to a Solution of arsenious acid in au excess of Solution of soda 
or potassa, or to a Solution of an alkaline arsenite mixed with potassa 
or soda, a few drops of a dilute Solution of sulphate of copper are added, 
a clear blue fluid is obtained, which upon boiling deposits a red preci- 
pitate of suboxide of copper, leaving arsenate of potassa in Solution. 
This reaction is exceedingly delicate, provided not too much of the 
Solution of sulphate of copper be used. Even should the red precipitate 
be so exceedingly minute as to escape detection on looking across the 
tube, yet it will always be discernible with great distinctness upon look- 
ing down the test-tube. Of course this reaction, although really of 
great importance in certain instances as a confirmatory proof oi the 
presence of arsenious acid, and more particularly also as a means of 
distinguishing that acid from arsenic acid, is yet entirely inapplicable 
for the direct detection of arsenic, since grape sugar and other organic 
substances also produce suboxide of copper from salts of oxide of copper 
in the same manner. 

9. Jf a Solution of arsenious acid mixed with hydrochloric acid is 
heated with a perfectly clean slip of copper or copper- wire, an iron-gray 
metallic film is deposited on the copper, even in highly dilute Solutions; 
when this film inereases in thickness it peels off in black scales. If the 
coated copper, after washing off the free acid, is heated with Solution 
of ammonia the film peels off from the copper, and separates in form of 
minute spangles (Reinsch). Let it be borne in mind that these are 
not pure arsenic, but consist of an arsenide of copper (Cu a As). If 
the substance, either simply dried or oxidized by ignition in a current 
of air (which is attended with escape of some arsenious acid), is heated 
in a current of hydrogen, there escapes relatively but little arsenic, 
alloys richer in copper being left behind (Fresenius, Lippert). It 
is only after the presence of arsenic in the alloy has been fully demon- 
strated that this reaction can be considered a decisive proof of the pre- 
sence of that metal, as antimony and other metals will under the same 
eircumstances also precipitate in a similar manner upon copper. 

10. If an acid or neutral Solution of arsenious acid, or any of its 
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Compounds is mixed with zine, matcr, and düute nlpkvrw arid arse- 
nettkd htdbooen (As H,) is formed, in the samc manner as com- 

Eounds of antimony give under analogous circurastnnces antimonetted 
ydrogen. (Compare $ 131, 10.) This reaction affords us a most 
delicate test for the detection of even tbe most minute quantities of 
arsenic. The Operation is conducted in the apparatns illnstrated by 
fig. 37, or in one of similar construution." a is the evolution flask, b a 




Fig. ST. 

bulb intonded \o receive the water carried witli the gaseous current, e 
a tube filled with cotton wool and small lumpe of Chloride of calcium 
for drying the gas. This tube is connected with b and d by india-rubber 
tubes which have been boiled in Solution of soda ; d should have an 
inner diameter of 7 mm. (fig. 38), and must be made of 

OdiUicultly fusible glass free fron» lead. In experiments re- 
quiring great aecuraey the tube should be drawn out assbown 
in h'g. 37. The Operation is now conimenced by evolving in a 
a modern te and uniform current of hydrogen gas, from pure 
granulated zinc and pure sulphuric «cid diluted with 3 parts 
of water. Addition of a few drops of bicliloride of platinum 
will be found useful. When the evolution of hydrogen has pro- 
ceeded for some tirne, so tliat it may safely be concludeä the air has 
been completely expelled from the apparatns, the gas is kindled at the 
open end of the tube d. It is advisable to wrap a piece of cloth round 
tfie flask before kindling the gas, to guard against aeeidents in case of 
an explosion. It is now absolutely necessary first to BBcertain whether 
the zinc and the sulphuric aeid are quite tree frum any admixture of 
arsenic. This is done by depressing a poreelain dish horizontal ly upon 
the rhune to make it spread over the surface : if the hydrogen contains 
arsenetted hydrogen brownish or brownish-hlack stains of arsenic will 
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appear on the porcelain ; the non-appearance of such stains may be 
considered as a proof of the freedom of the zinc and sulphuric acid from 
arsenic. In very accurate experiments, however, additional evidence is 
required to ensure the positive certainty of the purity of the reagents 
employed ; for this purpose the part of the tube d shown in fig. 37 over 
the flaine is heated to redness with a Berzelius or gas lamp, and kept 
some tirae in a State of ignition : if no arsenical coating makes its 
appearance in the narrowed part of the tube the agents employed may 
be pronounced free from arsenic, and the Operation proeeeded with, by 
pouring the fluid to be tested for arsenic through the funnel tube into 
the flask, and afterwards some water to rinse the tube. Only a very 
little of the fluid ought to be poured in at first, as in cases where the 
quantity of arsenic present is considerable, and a somewhat large supply 
of the fluid is poured into the flask, the evolution of gas often proeeeds 
with such violence as to stop the further progress of tlie experiment. 

Now, if the fluid contains an oxygen Compound of arsenic or arsenic 
in combination with a salt radical, there is immediately evolved, along 
with the hydrogen, arsenetted hydrogen, which atonce iroparts a bluish 
tint to the flame of the kindled gas, owing to the combustion of the 
particles of arsenic separating from the arsenetted hydrogen. At the 
same time white fumes of arsenious acid arise, which condense upon cold 
objeets. If a porcelain plate is now depressed upon the Harne, the sepa- 
rated and not yet reoxiuized arsenic condenses upon the plate in black 
stains, in a similar manner to antimony. (See § 131, 10.) The stains 
formed by arsenic incline, however, more to a blackish-brown tint, and 
show a bright metallic lustre ; whilst the antirnonial stains are of a deep 
black color, and but feebly lustrous. The arsenical stains may be dis- 
tinguished moreover from the antirnonial stains by Solution of chloride of 
soda — hypochlorite of soda with chloride of sodium — (compare § 131, 10), 
which will at once dissolve arsenical stains, leaving antirnonial stains 
unaffected, or removing tliem only after a considerable time. 

If the heat of a Berzelius or gas lamp is now applied to the part of 
the tube d shown in flg. 37 over the flame, a brilliant arsenical mirror 
makes its appearance in the narrowed portion of the tube behind the 
heated part ; this mirror is of a darker and less sil very- white hue than 
that produced by antimony under similar circumstances ; from which it 
is moreover distinguished by thefacility with which it may be dissipated 
in a current of hydrogen gas without previous fusion, and by the charac- 
teristic odor of garlic emitted by the escaping (unkindled) gas. If the 
gas is kindled whilst the mirror in the tube is being heated, the flame 
will, even with a very slight current of gas, deposit arsenical stains on 
a porcelain plate. 

The reactions and properties just described are amply suflicient to 
enable us to distinguish between arsenical and antirnonial stains and 
mirrors ; but they will often fail to detect arsenic with positive certainty 
in presence of antimony. In cases of this kind the following process 
will serve to set at rest all possible doubt as to the presence or absence 
of arsenic : — 

Heat the long tube through which the gpas to be tested is passing to 
redness in several parts, to produce distmet metallic mirrors; then 
transmit through the tube a very weak stream of dry hydrosulphuric 
acid gas, and heat the metallic mirrors proeeeding from the outer to- 
wards the inner border. If arsenic alone is present yellow tersulphide 
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of arsenic is formed inside the tube ; if antimony alone is present an 
orange-red or black tersulphide of antimony is produced ; and if the 
mirror eonsisted of both metals the two sulphides appear side by side, 
the sulphide of arsenic as the more volatile lying invariably before the 
sulphide of antimony. If you now transmit through the tube contain- 
in^ the sulphide of arsenic or the sulphide of antimony, or both sul- 
phides together, dry hydroehloric gas, without applying heat, no altera- 
tion will take place if sulphide of arsenic alone is present, even though 
the gas be transmitted through the tube for a considerable time. If 
sulphide of antimony alone is present this will entirely disappear, as 
already stated, § 131, 10, and if both sulphides are present, the sulphide 
of antimony will immediately volatilize, whilst the yellow sulphide of 
arsenic will remain. If a small quantity of ammonia is now drawn into 
the tube the sulphide of arsenic is dissolved, and may thus be readily dis- 
tinguished from sulphur which may have separated. My personal ex- 
perience has convinced me of the infallibility of these combined tests for 
the detection of arsenic. 

The reaction of hydrogen containing arsenetted hydrogen with Solu- 
tion of nitrate of silver will be found in § 134, 0. 

Marsh was the first who suggested the method of detecting arsenic 
by the production of arsenetted livdrogen. 

11. If a small lump of arsenious acid (a) be introduced into the 
pointed end of a drawn-out glass tube (fig. 39), a fragment of quite 




Fig. 89. 

recently burnt charcoal (b) pushed down the tube to within a short 
distance of the arsenious acid, and first the charcoal then the 
arsenious acid heated to redness, a mirror of metallic arsenic will 
form at c y owing to the reduction of the arsenious acid vapor by the 
red-hot charcoal. If the tube be now cut between b and o and then 
heated in an inclined position, with the cut end c turned upwards, 
the metallic mirror will volatilize, emitting the characteristic odor of 
garlic. This is both the simplest and safest way of detecting pure 
arsenious acid. 

12. If arsenites, or arsenious acid, or tersulphide of arsenic are fused 
with a mixture of equal parts of dry carbonate of soda and Cyanide of 
potassium, the whole of the arsenic is reduced to the metallic State, and 
so is the base also, if easily reducible ; the eliminated oxygen Convert- 
ing part of the Cyanide of potassium into cyanate of potassa. In the 
reduction of tersulphide of arsenic sulphocyanide of potassium is formed. 
The Operation is oonducted as follows : — Introduce the perfectly dry 
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arsenical Compound int» the bulb of a Bmall bulb-tube (6g. 40), and 
cover it with six times the quantity of a nerfectly dry mixture of equal 
parte of carbonate of soda and of Cyanide oi potassium. The whole quan- 
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tity raust not rauch more than half-fill the bulb, otherwise the fusing 
Cyanide of potassium is likely to ascend into the tu he. Heat the bulb 
dow gently ; should some water still escnpe, wipe the inside of the tube 
perfectly dry with a twisted slip of blotting paper. It is of the highe st 
importance für the success of the Experiment to bestow great eure upon 
expelling the water, drying the mixture, and wiping the tube cleun and 
dry. Apply now a strong heat to the bulb, to effect the reduetion of 
the arsenical Compound, and continue this for some time, as the arsenic 
offen requires some time for its complete Sublimation. The mirror 
which is deposited at b is of exceeding purity. It is ohtained froin all 
arsenites whose bases remain cither altogether unaffected, or are reduced 
to euch metallic amnides as lose tlicir arsenic partly or totally upon the 
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simple application of heat. This method deserves to be particular y 
recommended on accouut of its simplicity and neatness, as well as for 
the accuracy of the results uttainable by it, even in cases where only 
very minute quantities of arsenic are present. It is niore especially 
adapted for the direct production of arsenic from tersulphide of arsenic, 
and is in this respect superior in simplicity and accuracy to all other 
methods hitherto suggested. The delicacy of the reaction may be very 
much heightened by heating the mixture in a stream of dry carbonic 
acid gas. A series of experiments made by L. v. Babo and myself has 
shown that the most accurate and satisfactory results are obtained in the 
following manner. Figs. 41 and 42 show the apparatus in which the 
process is conducted. a is a bottle for the evolution of carbonic acid. 
At the bottom is a layer of plaster of Paris. While the plaster is 
setting the bottle should be placed in a sianting position, so that the 
surface of the plaster may slope towards d ; and betore the plaster is quite 
hard a conical hole should be scooped out of it at d. On the plaster 
bottom lumps of marble are placed. b is firmly fixed on a by m.eans of 
two perforated india-rubber Stoppers, or preferably by means of one long 
stopper tapering" from the middle towards both ends. b is connected 
with a by the glass tube e, which is provided with the arrangement re- 
presented at f constructed of glass tubes of as large bore as possible. 
To the glass tube g is attached a short piece of india-rubber tube which 
reaches into the cavity in the bottom of the bottle. Water and hydro- 
chloric acid are poured in through A, which is afterwards closed by a 
stopper containing a glass tube. On opening i the acid passes into the 
evolution bottle and the carbonic acid begins to be formed. On closing 
% the pressure of carbonic acid drives the hydrochloric acid back into b } 
and the evolution ceases. The carbonic acid is dried in h, which con- 
tains concentrated sulphuric acid. It then passes into the reducing tube 




m, which is represented in fig. 42 half its real size ; it should have a 
bore of 8 mm. 

When the apparatus is füll of carbonic acid triturate the perfectly 
dry sulphide of arsenic or arsenite in a slightly heated mortar with 
about twelve parts of a well-dried mixture consisting of three parts of 
carbonate of soda and one part of Cyanide of potassium. The mixture 
must of course be quite free from arsenic (§ 46). Put the powder upon 
a narrow slip of card paper, bent into the shape of a gutter, and push 
this into the reduction-tube down to e ; turn the tube now half-way 
round its axis, which will cause the mixture to drop into the tube be- 
tween e and d , every other part remaining perfectly clean. Connect the 
tube now with the gas-evolution apparatus, and pass through it a 
moderate stream of carbonic acid. Heat the tube in its whole length 
very gently until the mixture in it is quite dry. When every trace of 
water is expelled, reduce the gas stream so that the Single buobles pass 
through the sulphuric acid at intervals of one second, and heat the re- 
duction tube to redness at c (fig. 42). When e is red-hot, apply the 
ßame ofü second lamp to the mixture, proceeding from d to e, until the 
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whole of the arsenic is expelled. The far greater portion of the volati- 
lized arsenic recondenses at A, whilst a small portion only escapes through 
i, imparting to the air a garlic odor. Advance the fiame 01 the second 
lamp slowly and gradually up to c, by which means the whole of the 
arsenic which may have Condensed in the wide part of the tube is driven 
to h. When you have effected tbis, close the tube at the point i by 
fusion, and apply heat, proceeding from i towards Ä, by which means the 
extent of the mirror is narrowed, whilst its beauty and lustre are corre- 
spondingly increased. In this manner perfectly distinct mirrors of 
arsenic may be produced from '0002 grm. of tersulphide of arsenic. No 
mirrors are obtained by this process from tersulphide of antimony, or 
from any other Compound of antimony. 

13. If arsenious acid or one of its Compounds is exposed on charcoal 
to the reducing Jlame of the blowpipe a highly characteristic garlic odor 
is emitted, more especially if some carbonate of soda is added. This 
odor has its origin in the reduction and re-oxidation of the arsenic, and 
enables us to detect very ininute quantities. This test, however, like 
all others that are based upon the mere indications of the sense of smell, 
cannot be implicitly relied on. 

§ 133. 
e. Arsenic Acid (As0 6 ). 

1. Hydrated arsenic acid crystallizes in clear prisms of the formula 
2 (3 H 0, As O s ) + aq., which deliquesce in the air. The water of 
crystallization escapes at 100° ; at a higher temperature the water of 
hydration escapes and the acid fuses. On strong ignition it splits into 
oxygen and arsenious acid. The anhydrous acid dissolves but slowly 
in water. Arsenic acid is poisonous. 

2. Most of the arsenates are Insoluble in water. Of the so-called 
neutral arsenates those with alkaline bases alone are soluble in water. 
Most of the neutral and basic arsenates can bear a strong red heat 
without suffering decomposition. The acid arsenates lose tneir excess 
of acid upon ignition, which passes off in the form of arsenious acid and 
oxygen. A Solution of arsenic acid or of an arsenate in hydrochloric 
acid may be boiled for a long time without losing chloride of arsenic, 
provided too much hydrochloric acid is not present. But when the 
residual fluid contains about half its volume of hydrochloric acid of 
specific gravi ty 1*12, traces of terchloride of arsenic begin to escape with 
the hydrochloric acid. 

3. Hydrosvlpkuric acid fails to precipitate alkaline and neutral Solu- 
tions ; but in acidified Solutions it causes first reduction of the arsenic 
acid to arsenious acid, with Separation of sulphur, then precipitation of 
tersulphide of arsenic. This process continues until the whole of the 
arsenic is thrown down as As S„ mixed with 2 S (Wacken roder, 
Ludwig, H. Rose). The action never takes place immediately, and 
in dilute Solutions frequently only after the lapse of a considerabie time 
(twelve to twenty-four hours, for instance). Heating (to about 70°) 
greatly accelerates the action. If a Solution of arsenic acid, or of an 
arsenate, is mixed with sulphurous acid, or with sulphite of soda and 
some hydrochloric acid, the sulphurous acid is converted into sulphuric 
acid, and the arsenic acid reduced to arsenious acid*, &^\\<ft&wv sä\ä»x 

I. M 



162 EECAPITÜLATION. GEOÜP VI. DIV. H. [§ 134. 

promotes the change. If hydrosulphuric acid is now added, the whole 
of the arsenic is immediately thrown down as tersulphide. 

4. Sulphide qf ammonium converts the arsenic acid in neutral and 
alkaline Solutions of arsenates into pentasulphide of arsenic, which 
remains in Solution as a salt of pentasulphide of arsenic and sulphide of 
ammonium. Upon the addition of an acid to the Solution this salt is 
decomposed, and pentasulphide of arsenic precipitates. The Separation 
of this precipitate proceeds more rapidly than is the case when acid Solu- 
tions of arsenates are precipitated with hydrosulphuric acid. It is pro- 
moted by heat The precipitate formed is As S„ and not a mixture of 
As 8, with 8 S . 

6. Nitrate oftflver produces under the circumstances stated § 132, 6, 
a highly characteristic reddish-brown precipitate of arsenate of silver 
(3 Ag 0, As 0,), which is readily soluble in dilute nitric acid and in 
ammonia, and dissolves also slightly in nitrate of ammonia. Accord- 
ingly, if a little of the precipitate is dissolved in a large proportion of 
nitric acid, neutralization with ammonia often fails to reproduce the pre- 
cipitate. The ammoniacal Solution of arsenate of silver does not deposit 
silver upon boiling (difference between arsenic and arsenious acids). 

6. Sulphate of copper produces under the circumstances stated § 132, 
7, a greenish-blue precipitate of arsenate of copper (2CuO, HO, 
AsO,). 

7. If a dilute Solution of arsenic acid mixed with some hydrochloric 
acid is heated with a clean slip of co\yper the metal remains perfectly 
clean (Werther, Reinsch); but ifto one volume of the Solution two 
volumes of concentrated hydrochloric acid are added, a gray film is 
deposited on the copper, as in the case of arsenious acid. The reaction 
is under these circumstances equally delicate as with arsenious acid 
(Reinsch). 

8. With zinc in presence of sulphuric acid, with Cyanide of potasnum, 
and before the hlowpipe, the compotmds of arsenic acid comport them- 
selves in the same way as those of arsenious acid. If the reduction of 
arsenic acid by zinc is effected in a platinum capsule, the platinum does 
not turn black (difference from antimony). 

9. If a Solution of arsenic acid, or of an arsenate soluble in water, 
is added to a clear mixture of sulphate of magnesia, chloride of ammonium, 
and a sufficient quantity of ammonia, a crvstalline precipitate of 

ABSENATE OF AMMONIA AND MAGNESIA (2 Mg 0, N H 4 0, As 0. + 12 aq.) 

separates ; from concentrated Solutions immediately, from dilute Solu- 
tions after some time. If a small portion of the precipitate is dissolved 
on a watch-glass in a drop of nitric acid, a little nitrate of silver added, 
and the Solution touched with a glass rod dipped in ammonia, brownish- 
red arsenate of silver is formed. Or if a small portion of the precipitate 
is dissolved in hydrochloric acid and hydrosulphuric acid is passed into 
the Solution with warming, a yellow precipitate is formed. (bifferences 
between arsenate and phosphate of magnesia and ammonia.) 

§ 134. 

Becapitulation and remarks. — I will here describe first the different 
ways adapted to effect the detection or Separation of tin, antimony, 
ana arsenic, when present together, and anerwards the means of dis- 
tinguishing between the several oxides of the three metals. 
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1. If you have a mixture of Sulpiride of tin, sulphide of antimony, 
and sulphide of arsenic, triturate 1 part of it with 1 part of dry car- 
bonate of soda and 1 part of nitrate of soda, and transfer the mixed 
powder gradually to a small porcelain crucible containing 2 parts of 
nitrate of soda kept in a State of fusion at a not over-strong neat ; oxida- 
täon of the sulphides ensues, attended with slight deflagration. The 
fused mass contains binoxide of tin, arsenate and antimonate of soda, 
with sulphate, carbonate, nitrate, and nitrite of soda. You must take 
care not to raise the heat to such a degree, nor continue the fusion so 
long, as to lead to a reduction of the nitrite of soda to the caustic 6tate, 
that there may not be formed stammte of soda soluble in water. Upon 
treating the mass with a little cold water, binoxide of tin and antimonate 
of soda remain undissolved, whilst arsenate of soda and the other salts 
are dissolved. If the fil träte is acidified with nitric acid, and heat is 
applied to remove carbonic and nitrous acids, the arsenic acid may be 
detected and separated, either with nitrate of silver, according to § 133, 
5, or with a mixture of sulphate of magnesia, chloride of ammonium, 
and ammonia, according to § 133, 9. 

If the undissolved residue, consisting of binoxide of tin and antimo- 
nate of soda, is, after being washed once with cold water and three times 
with dilute spirits of wine, treated with some hydrochloric acid in the 
lid of a platinum crucible, and a gentle heat applied, the mass is either 
completely dissolved or, if the tin is present in a large proportion, a 
white residue is left undissolved. If, regardless of the presence of this 
latter, a fragment of zinc is added, the Compounds are reduced to the 
metallic State, when the antimony will at once reveal its presence by 
blackenin? the platinum. If, after the evolution of hydrogen has nearly 
stopped, the remainder of the zinc is taken away, and the Contents of 
the lid are heated with some hydrochloric acid, the tin dissolves to pro- 
tochloride, whilst the antimony is left undissolved in the form of black 
flakes. The tin may then be more distinctly tested in the Solution, 
with chloride of mercury, or with a mixture of sesquichloride of iron 
and ferricyanide of potassium, and the antimony, after Solution in a 
little aqua regia, with hydrosulphuric acid. As this method of detect- 
ing arsenic, tin, and antimony in presence of each other is adopted in 
the systematic course of analysis, I have here simply explained the 
principle upon which it is based, and refer for the details of the process 
to§192. 

2. If the mixed sulphides, after being freed from the greater part 
of the adhering water, by laying the filter containing them on 
blotting paper, are treated with fuming hydrochloric acid, with applica- 
tion of a gentle heat, the sulphides of antimony and tin dissolve, whilst 
the sulphide of arsenic is left almost completely undissolved. By 
treating this with ammonia, and evaporating the Solution obtained, witn 
addition of a small quantity of carbonate of soda, an arsenical mirror may 
easily be produced from the residue, by means of Cyanide of potassium 
and carbonate of soda in a stream of carbonic acid gas (§ 132, 12). 
The Solution, which contains the tin and the antimony, may be treated 
as stated in 1. 

If a great excess of antimony is present, the latter Solution may also 
be mixed with sesquicarbonate of ammonia in excess, and boiled ; when 
a large proportion of the antimony will dissolve, leaving binoxide of tin 
behind, mixed with but little teroxide of antimony *, iii\9\^\x\tti&stfta*& 
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residue the tin may now be the more readily detected by the method 
described in 1 (Bloxam). 

3. If tbe mixed sulphides are digested at a gentle heat with some 
common solid carbonate of ammonia and water sulpbide of arsenic dis- 
solves, wbilst tbe sulpbides of antimony and tin rem a in undissolved. 
But even tbis Separation is not quite absolute, as traces of sulpbide of 
antimony are apt to pass into tbe Solution, wbilst some sulphide of 
arsenic remains in tbe residue. Tbe sulpbide of arsenic precipitating 
from tbe alkaline Solution upon aciditying this latter with liydrochloric 
acid must tberefore, especially if consisting only of a few flakes, after 
washing, be treated with ammonia, the Solution evaporated, with addition 
of a small quantity of carbonate of soda, and tbe residue fused with 
Cyanide of potassium in a stream of carbonic acid, to make quite sure by 
the production of an arsenical mirror. The residue, insoluble in car- 
bonate of ammonia, should be treated as directed in 2. 

4. If sulpbide of antimony, sulpbide of tin, and sulphide of arsenic are 
dissolved in sulpbide of potassium, a large excess of a concentrated Solu- 
tion of sulpburous acid added, the mixture digested for some time 
on the water-batb, boiled until all sulpburous acid is expelled, then 
filtered, the fil träte contains all the arsenic as arsenious acid (which 
may be precipitated from it by bydrosulphuric acid), whilst tersulpbide 
of antimony and bisulphide of tin are left bebind undissolved (Bünsen). 
These latter may then be treated as directed in 2. 

5. In tbe analysis of alloys, binoxide of tin, teroxide of antimony, and 
arsenic acid are often obtained together as a residue insoluble in nitric 
acid. The best way is to fuse this residue with hydrate of soda in a 
silver crucible, to treat tbe mass with water, and add one-third (by 
volume) of spirit of wine ; then to filter the fluid off from the antimonate 
of soda, which remains undissolved, and wash the latter with spirit of 
wine mixed with a few drops of Solution of carbonate of soda. In the 
presence of much tin it is advisable to repeat tbe above treatment on the 
residue, in order to extract all the tin. The fil träte is acidified with 
hydrochloric acid, and tbe tin and arsenic are then precipitated as sul- 
pnides, with tbe aid of heat. On heating the precipitated sulphides in 
a stream of hydrosulpburic acid gas, tbe whole of the tin is left as sul- 
phide, whilst the sulpbide of arsenic volatilizes, and may be reeeived in 
Solution of ammonia (H. Rose). 

6. For the method of separating antimony and arsenic, and dis- 
tinguishing between the two metals, by treating with hydrosulpburic 
acid the mirror produced by Marsh's process, and separating the result- 
ing sulphides by means of hydrochloric acid gas, I refer to § 132, 10. 
Antimony and arsenic may, however, when mixed together in form of 
hydrogen Compounds, be separated also in tbe following ways. a. 
Conduct the gases mixed witb an excess of hydrogen, first through a 
tube containing glass splinters moistened with Solution of acetate of lead, 
to retain the hydrochloric and bydrosulphuric gases, then in a slow 
stream into a Solution of nitrate of silver. Almost all the antimony in 
the gas falls down as black antimonide of silver (Ag 8 Sb), whilst the 
arsenic passes into tbe Solution as arsenious acid, with reduetion of 
the silver, and may be detected in the fluid as arsenite of silver, by 
cautious addition ol ammonia, or — after preeipitating the excess of silver 
by hydrochloric acid — by means of hydrosulphuric acid. Since, how- 
ever, a little antimony always passes into the Solution, the hydrosul- 
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phuric acid precipitate must not be put down as sulphide of arsenic 
without further examination, according to § 132, 12. In the precipitated 
antimonide of silver, which is often mixed with much silver, the antimony 
maj be most readily detected, by heating tbe precipitate — thoroughly 
freed from arsenious acid by boiling with water — with tartaric acid and 
water to boiling. This will dissolve the antimony alone, which may 
then be readily detected by means of hydrosulphuric acid in the Solution 
ucidified with hydrochloric acid (A. W. Hofmann), b. Conduct the 
gases mixed with an excess of hydro^en through a rather wide glass 
tube, 3 or 4 inches of which are fillea with caustic potassa in small 
lumps. The potassa decomposes the antimonetted hydrogen entirely 
becoming coated with a lustrous film of metal. The arsenetted 
hydrogen is on the contrary not decomposed, and may be detected 
readily on its exit from the tube by the production of the arsenical 
mirror (§ 132, 10) or by its action on Solution of nitrate of silver 
(Draoendorff). 

7. Protoxide andririnoande of tin may be detected in presence of each 
other, by testing one portion of the Solution for the protoxide with 
chloride of mercury, terchloride of gold or a mixture of ferricyanide of 
potassium and sesquichloride of iron, and another portion for the 
binoxide, by pouring it into a concentrated bot Solution of sulphate of 
soda. For the last test the Solution must not contain much free 
acid. 

8. Teroxide of antimony in presence of antimonic acid may be identified 
by the reaction described in § 131, 9. Antimonic acid in presence of 
teroxide of antimony, by heating the oxide, which must be free from other 
bodies, with hydrochloric acid and iodide of potassium (§ 131, 2 and 3). 

9. Arsenious acid and arsenic acid in the same Solution may be distin- 
guished by means of nitrate of silver. If the precipitate contains little 
arsenate and much arsenite of silver it is necessary, in order to identify 
the former. to add cautiously and drop by drop most highly dilute nitric 
acid, whicn dissolves the yellow arsenite of silver first. A still safer 
way to detect small quantities of arsenic acid in presence of arsenious 
acid is to precipitate the Solution with a mixture of sulphate of mag- 
nesia, chloride of ammonium, and animonia (§ 132, 9), by which means 
an actual Separation of the two acids is effected. Arsenious acid may 
be recognised in presence of arsenic acid by the immediate precipitation 
of the acidified Solution with hydrosulphuric acid in the cold ; also by 
the reduction of oxide of copper in alkaline Solution ; also by the Separa- 
tion of metallic silver by boiling the ammoniacal Solution of the silver 
salts. To ascertain the degree of sulphuration of a sulphide of arsenic 
in a sulphur salt, boil the alkaline Solution of the salt under examination 
with hydrate of teroxide of bismuth, filter off from the tersulphide of 
bismuth formed, and test the filtrate for arsenious and arsenic acids. 
To distinguish between the ter- and pentasulphide of arsenic, extract 
first the sulphur which may be present by means of sulphide of carbon, 
then dissolve the residue in ammonia, add nitrate of silver in excess, 
filter off the sulphide of silver, and observe whether arsenite or arsenate 
of silver is formed upon addition of ammonia. 
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Special Beactions ofthe rarer Oxides of the Sixüi Group. 

§135. 
a. Oxide of Iridium. 

Iridium is found in combination with platinum and other metals in platinum ores, 
also, and inore es[>ecially, as a native alloy of osmium and iridium. Alloved with 
platinum, it has of late beeu employed for crucibles, &c. Iridium resembles pla- 
tinum, but it U brittle ; it fases with extreme difficulty. In the compact State, or 
reduced at a red heat by hydrogen, it disnolves iu no acid, not even in aqua regia 
(difference between iridium and gold and platinum) ; reduced in the moiat way, say 
by forroic acid, or largely alloyed with platinum, it dissolves in aqua regia to bichloridc. 
A cid sulphate of potassa in a State of fusion will oxidize, but not disaolve it (diflbrence 
between iridium and rhodium). It oxidizes by fusion with hydrate of soda, with acoess 
of air, or by funicn with nitrate of soda. The Compound of sesquioxide of iridium with 
soda, which ia formed in this process, dissolves partially in water ; by heating with 
aqua regia it gives a deep-black Solution of bichloride of iridium and chloride of sodium. 

If iridium powder is mixed wiih Chloride of sodium, tbe mixture heated to inci- 
pient redness, and treated with chlorine gas, sodio-bicbloride of iridium ia formed, 
which dissolves in water to a deep reddtdi-brown fluid. Potassa, added in excess, 
colors the Solutions greenish, a little brownish-black potassio-bichloride of iridium pre- 
cipitating at the same time. If the Solution is heated, aud exposed some time to the 
air, it acquires at first a reddi»h tint, which changes afterwards to azure blue (charac- 
teristic difference between iridium and platiuum) ; if the Solution is now evaporated to 
dryness, and the residue treated with water, a colorless fluid is obtained, with a blue 
deposit of binoxide of iridium left undissolved. H ydrosulphuric acid in the first place 
decolorizes Solutions of bichloride of iridium, protochloride is formed, with Separation 
of sulphur, and finally brown sulphide of iridium precipitates. Sulphide of amtnonium 
produces the same precipitate, which redissolves readily in an excess of the precipitant. 
Chloride of potassium precipitates potasnio- bichloride of iridium as a dark- brown 
powder, insoluble in a concentrated Solution of chloride of potassium. Chloridt of 
ammonium precipitates from concentrated Solutions ammonio-bichloride of iridium in 
the form of a dark -red powder, connisting of microscopic octabedrons, insoluble in con- 
oentrated Solution of chloride of ammonium. This double aalt (and also the corre- 
sponding potassium Compound), especially when in bot Solution, is turned olive-green 
by nürite of potassa, owing to the formation of a double aalt of the sesquiohloride of 
iridium [2 (K Cl, Ir CL) + K O, N 0,= 8 K Cl, Ir,Cl, + N OJ ; this double aalt crystal- 
Hzes out on oooling. ön heating or evaporating the green Solution with an excess of 
nitrite of potassa it turns yellow, and when boiled deposits a white precipitate which 
is hardly soluble in water and hydrochloric acid. (This reactiou may be taken advan- 
tage of to separate iridium from platinum, Gibbs.) If the ammonio-bichloride of 
iridium is dissolved in water by boiling, and oxalic arid is added, a reduction of the 
bichloride to sesquichloride taken place, and on this account the Solution reinains clear 
on cooling (here iridium differs from platinum, C. Lea). If protochloride of tin is 
added to bichloride of iridium and the Solution is boiled, and theo excess of potassa is 
added and the mixture is boiled again, a leather-colored precipitate is formed. Sulphate 
of iron decolorizes the Solution, but does not produce a precipitate. Zinc precipitates 
black metallic iridium. On suspending binoxide of iridium in a Solution of nitrite of 
potassa, saturating with stdphwrous acid and boiling with renewal of the evaporating 
water tili all the free sulphurous acid is expelled, the whole of the iridium is converted 
into insoluble sulpbite of binoxide (any binoxide of platinum which may be präsent 
will remain dissolved as sulpbite of protoxide of platiuum and potassa, G. Birnbaum). 
Ignited with carbonate of soda in the upper oxidiziug flame Compounds of iridium yield 
the metal, which when elutriated out is gray, devoid of lustre, aud without ductility. 

b. Oxides of Molybdknum. 

Molybdenüm is not largely disseminated in nature, and is found only in moderate 
quantities, more especially as sulphide of molybdenüm and as molybdate of lead (yellow 
lead ore). Since the use of molybdate of ammonia as a means of detecting aud deter- 
mining phosphoric acid, molybdenüm has acquired oonsiderable importance in practical 
chemistry. Molybdenüm is tin* white and hard, when heated in the air it oxidises, it 
is soluble in nitric acid and very difficult to fuse. The protoxide and BESQUioxrDS 
are black, the bihoxidjs is dark- brown. When heated in the air or treated with nitrio 
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aeid the meUl and oxides are all converted into moltbdio actd (Mo 3 ). The latter is 
a white porous mass, which in water separates into fine scales, and dissolves to a slight 
extent ; it fuses at a read heat, in dose vessels it volatilixes only at a very high tempe- 
tature, in the air it rolatilizes easily at a red heat and sublimes to transparent lauiin» 
and needles. On igniting it in a current of hydrogen it is first converted into the binoxide, 
and afterwards by streng and long continaed heating into the metal. The non-ignited 
molybdio aeid dissolves in aeids. The solations are oolorless ; the hydrochlorio Solu- 
tion is colored by contaot with sine soon, on addition of protochloride of tin imme- 
diately ; the color being brown, green or blue aecording to the proportion of reduciug 
agent and the coneeotration of the fluid. Digested with copper the sulphurio aeid 
•olution turns blue, the hydrochloric aeid Solution brown. The reaction often reouires 
some time. Ferrocyanide ofpotanium produces a reddish-brown preoipitate, infutUm 
ofgaüt a green preoipitate. Bydrotulphuric aeid, added in small proportion, imparte 
a blue tint to the Solutions of molybdio aeid ; added in larger proportion it produces 
a browniah-black preoipitate ; the fluid over the latter at first appears green. But 
alter being allowed to stand for some time, and heated, additional quantities of hydro- 
sulphuric aeid being repeatedly eondueted into it, tbe whole of the molybdenum present 
will ultimately though slowly separate as bruwnish-black tersulphide of molybdenum. 
The preeipitated tersulpbide of molybdenum dissolves in sulphides of the alkali metals ; 
aeids preoipitate from the sulphur salts tiie sulphur aeid (Mo S 3 ), application of heat 
proraotea the Separation. By heating to redness in the air, or by heating with nitrio 
aeid, sulphide of molybdenum is couverted into molybdio aeid. If a Solution of 
molybdio aeid in exoess of ammonia is mized with yellow sulphide of ammonium, and 
boiled for some time, a dark-red liquid of great depth of color is formed in addition to 
the brownish-black preoipitate, unless a very large exoess of sulphide of ammonium ia 
present Sulphocyanide of potassium, if added to a Solution of molybdio aeid contain- 
ing hydrochlorio aeid, produces no color until zinc is added, when the fluid becomes 
cnmson ; the coloration is due to the formation of a sulphocyanide of molybdenum 
oorresponding to the binoxide or sesquioxide. Phosphono aeid does not destroy the 
color (difference from sulphocyanide of iron). On shaking the red fluid with ether» the 
latter becomes colored (C. D. Braun). 

Molybdic aeid dissolves readily in Solutions of pure alkaliet and carbonatc* of the 
aUcalUs; from concentrated Solutions nüric aeid or hydrochloric aeid throws down 
molybdic aeid, which redissolves in a large exoess of the preeipitant. The Solutions of 
molybdates of the alkali es are colored yellow by hydrosulphuric aeid, and give after- 
wards, npoo addition of aeids, a brownish-black preoipitate. For the deportment of 
molybdio aoid with phosphoric aeid and ammonia, see § 142, 10. 

Molybdic aeid volatilizes when heated on charcoal in the oxidinng JUtme, coating 
tbe charcoal with a yellow, often crystalline, powder, which turns white on cooling. 
In the reducing jLame the aeid soffen reduetion to the metallic state, the molybdenum 
is obtained as a gray powder by elutriating the charcoal support. Sulphide of molyb- . 
denum gives in the oxidizing flame sulphurous aeid and an incrustation of molybdio 
aeid on the charcoal. 

c. Oxides of Tüngstkn. 

This metal moat comnionly oecura in nature in the forme of tungstate of lim© and 
of a double tungstate of protoxide of iron and protoxide of ntanganese called wolfram. 
Obtained by the reduetion of tungstio aeid in a current of hydrogen at an intens« red 
heat» it is an iron-gray powder, very difficultly fusible. This powder is converted by 
ignition in the air into tungstic aeid (W 3 ) ; by ignition in a current of dry air- free 
enlorine into dark violet terchloride which sublimes, and a niore volatile red Com- 
pound (WClyWClj). These Chlorides are decomposed by water into the corre- 
sponding hydrated oxides and hydrochloric aeid. Tungsten is insoluble or scaroely 
•unble in aeid«, even in aqua regia, and also in potass» ; it dissolves, however, in the 
katter if mixed with chioride of soda. Binoxide of tüngotew is black ; by intense 
ignition with free acoess of air it is converted into tungstic aeid. Tungstic aoid ia 
letnon- yellow, fixed, insoluble in water and aeids. By fusing tungstic aeid with aeid 
fnlphate ef potaasa, and treating the fused mass with water, an aeid Solution ia 
obtained, whieh contains no tungstic aeid ; after the reinoval of this Solution the 
residae, consisting of tungstate of potassa and a large excess of tungstic aeid, com- 
pletely dissolves in water containing carbonate of ammonia (means of separating 
tungstic from silioie aeid). Tungstate« of the alkalies soluble in water are formed 
leadily by fnsion with alkaline carbonates, but with difficulty by boiling with Solution 
•f the sarae. Hydrochloric aeid, nüric aeid, and tulphuric aeid produce in the Solution 
•f theae tnngstates white preoipitate^, which turn yellow on boiling and are insoluble in 
an exoess of the aeids (difference from molybdio aeid), bat soluble in ammonia. TJpon 
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evaporating with an excess of hydrochloric acid to dryness, and treating the residue 
witn water, the tungstic acid iß left undissolved. Chloride of barium, chloridc of 
calcium, acetate of leaa\ nitraU of silver, nitrate of suboxide of mercury produce white 
precipitates. Fcrrocyanidc of potassium, with addition of some acid, colors the fluid 
deep brownish-red, and after some time produces a precipitate of the same color. 
Tincture of gnlls, with a little acid added, produce* a Brown precipitate. Hydrosul- 
phuric acid barely precipitates acid Solutions. Sulphide of ammonium fails to preci- 
pitate Solutions of tungstates of alkalies ; npon acidifying the mixture light-brown 
tersulphide of tungsten precipitates, which is sliglitly Boluble in pure water, but 
inBoluble in water containing salts. Protochloride of tin produces a yellow precipi- 
tate ; on acidifying with hydrochloric acid, aud applying heat, this precipitate acquires 
a beautiful blue color (highly delicate and cbaracteristic reaction). If Solutions of 
tungstates of alkalies are mixed with hydrochloric acid, or, better still, with an excess 
of phosphoric acid, and zinc is added, the fluid acquires a beautiful blue color. Phos- 
phate of soda and ammonia dissolves tungstic acid. The bead, exposed to the 
oxidizing flame, appears clear, varying from colorless to yellowish ; in the reducing 
flame it acquires a pure blue color, and upon addition of sulphate of protoxide of iron 
a blood-red color. By mixing with a little carbonaie of soda, and exposing in the 
oavity of the charcoal support to the reducing flame, tungsten in powder is obtained, 
which may be separated by elutriation. The tungstates which are insoluble in water 
may, most of them, be decomposed by digestion with acids. Wolfram, which strongly 
resists the action of acid, is fused with carbonated alkali, when water will dissolre out 
of the fused mass the tuugstate of alkali formed. 

d. Oxides of Tellürium. 

Tellurium is not widely disseminated, and is found in small quantities only in the 
native state, or alloyed with other metals, or as tellurous acid. It is a white Drittle, 
but readily fusible metal, which may be sublimed in a glass tube. Heated in the air 
it burns with a greeuiKh-blue flame, emitting thick white fumes of tellurous acid. 
Tellürium is insoluble in hydrochlurio acid, but dissolves readily in nitric acid to 
tellurous acid (TeO,). Tellürium in powder dissolves in cold concentrated sulphuric 
acid to a purple-colored fluid, from which it separates again upon addition of water. 
Tellurous acid is white ; at a gentle red heat it fuses to a yellow fluid ; it is vola- 
tilized by strong ignition in the air, forming uo crystalline Sublimate. The anhydrous 
acid dissolves readily in hydrochloric acid, sparingly in nitric acid, freely in Solution of 
potaasa, slowly iu ammonia, barely in water. The hydrate of tellurous acid is white ; 
it is perceptibly soluble in cold water, and dissolves in hydrochloric acid and in nitric 
acid. By addition of water white hydrate is thrown down from the Solution, and from 
the nitric acid Solution nearly the whole of the tellurous acid separates after some time 
as a crystalline precipitate, even without addition of water. Pure alkalies and carbonates 
of the alkalies throw down from the hydrochloric acid Solution white hydrate, which 
is soluble in an excess of the preeipitant. Hydrosulphuric acid produces in acid 
Solutions a brown precipitate (TeS 8 , in color like protosulphide of tin), which dissolves 
very freely in sulphide of ammonium. Sulphite of soda, protochloride of tin, and 
zinc precipitate black metallic tellürium. Tellüric acid (Te0 3 ) is formed by fusing 
tellürium or tellurites with nitrates and carbonates of tne alkalies. The fused mass is 
soluble in water. The Solution remains clear upon acidifying with hydrochloric acid 
in the cold ; but upon boiling chlorine is disengaged, and tellurous acid formed, and 
the Solution is therefore now preeipitated by water if the excess of acid U not too 
great. If tellürium, its sulphide, or an oxygen Compound of the metal is fused with 
Cyanide of potassium in a stream of hydrogen, a Cyanide of tellürium and potaasium is 
formed. The fused mass dissolves in water, but a current of air throws down from 
the Solution the whole of the tellurium (difference and means of sepsrating tellürium 
from Belenium). When tested in the dry way by Bunsen's method (p. 23) the Com- 
pounds of tellurium give a grayish-blue color in the upper reducing flame, while at the 
same time the Upper oxidizing flame appears green. The volatilization is unacoom- 
panied by any odor. The incrustation produced by reduetion is black, with a blackish- 
brown edge, and gives a criinson Solution when heated with concentrated sulphuric 
acid. The incrustation of oxide is white, scarcely visible ; protochloride of tin colors it 
black, metallic tellurium beim? separated. When heated with carbonate of soda io 
the stick of charcoal Compounds of tellurium yield telluride of sodium, which when 
placed on clean silver and moistened produces a black mark, and when treated with 
hydrochloric acid (in the presence of enough tellurium) gives an odor of telluretted 
hydrogen with Separation of tellurium. 
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e. Oxides of Selbjtiüx. 

SelewiuM occura in nature in tbe form of selenides of raetala. It is found occa- 
sionally in the dust of roasting-furnaces, and also in tbe Nordhausen oil of vitriol. It 
resembles sulphur in some reepects, tellurinm in others. Fused selenium is grayish- 
black ; it volatilizes at a high temperature, and may be sublimed. Heated in the air 
it burns to selenious acid (SeO a ), exhaling a characteristic 8 in eil of decaying horse* 
radish. Concentrated sulphuric acid dissolves selenium without oxidizing it ; upon 
dilating the Solution the selenium falls down in red flakes. Nitric acid and aqua regia 
dissolve selenium to selenious acid. The latter is converted at 200° into a yellow 
gas. Sublimed anhydrous selenious acid appears in form of white four-sided needles, 
its hydrate in the form of crystals resembling those of nitrate of potassa. Both the 
acid and its hydrate dissolve readily in water to a strongly acid fluid. Of the neutral 
salte only those with the alkalies are soluble in water ; the Solutions have alkaline 
reactions. All seien ites dissolve readily io nitric acid, with the exception of the 
Beleihtes of lead and silver, which dissolve with difficulty. Hydrosulphuric acid 
produces in Solutions of selenious acid or of selenites (in presence of free hydrochlorio 
acid) a yellow precipitate of sulpuide of selenium (?) which, upon heating, turns 
reddish- yellow, soluble in sulphide of ammoniuin. Chloride of bar tum produces (after 
neutral ization of the free acid, should any be present), a white precipitate of selenttb 
OF babyta, which is soluble in hydrochloric acid and in nitric acid. ProUjchloride of 
tin or sutphurous acid, with addition of hydrochloric acid, produces a red precipitate 
of selenium, which turns gray at a high temperature. MeiaUic copper when placed 
in a warm Solution of selenious acid containing hydrochloric acid becomes immediately 
coated black ; if tbe fluid remains long in contact with the copper, it turns light red 
Ironi Separation of selenium (Reinsch). Selenic acid is fornied by heating selenium 
or its Compounds with carbonates and nitrates of the alkaltes. The fused mass dissolves 
in water; the Solution remains clear lipon acidifying with hydrochloric acid; when 
concentrated by boiling, it evolves chlorine, whilst the selenic acid is reduced to 
selenious *cid. By fusiog selenium or its Compounds with Cyanide of potassium in a 
stream of hydrogen gas, a Cyanide of selenium and potassium is obtained, from which 
the selenium is not eliminated by the action of the air (as is the case with teliurium) ; 
it separates, however, upon long conti nued boiling, after addition of hydrochloric acid. 
When tested according to p. 23, Compounds of selenium give a blue color to theßame, 
and by volafilization and combustion of the vapor the above-mentioned odor is 
emitted. The incrustation producta by reduction is brick-red to cherry-red, and gives 
a dirty green Solution with concentrated sulphuric acid. The incrustation of oxxdt is 
white, and when moistened with protochloride of tin becomes red from separated 
selenium. In the charcoal stick with carbonate of soda selenide of sodium is formed, 
which when placed on silver and moistened produces a black mark, and when treated 
with acids yields selenetted hydrogen. 

B. — Deportment of the Acids and their Radicals. 

§136. 

The reagents which serve for the detection of the acids are divided, 
like those used for the detection of the bases, into general reagents, 
i.e., such as indicate the group to which the acid under examination 
belongs ; and special reagents, i.e. 9 such as serve to effect the detec- 
tion and identification of the individual acids. The groups into 
which we classify the various acids can scarcely be defined with the 
same degree of precision as those into which the bases are divided. 

The two principal groups into which acids are divided are those 
of inorgan ic and oroanic acids. We base this division upon those 
characteristics by which, irrespectively of theoretical considerations, the 
ends of analysis are most easily attained. We select therefore here, as 
the characteristic mark to guide us in the Classification into organic and 
inorganic acids, the deportment which the various acids manifest at a 
high temperature, and call organic those acids of which the salte— 
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(particularly those which have an alkali or an alkaline earth for base) 
— are decomposed upon ignition, with Separation of carbon. By select- 
ing this deportment at a high temperature as the distinctive charac- 
teristic of organic acids, we are enabled to determine at once by a most 
simple preliminary experiment the class to which an acid belongs. The 
salts of organic acids with alkalies or alkaline earths are converted into 
carbonates when heated gently to redness. 

Before proceedinir to the special study of the several acids considered 
in this wort, I give here, as 1 have done with the bases, a general view 
of the whole of them classified in groups. 

I. Inorganic Acids. 

FIRST group : 
Division a. Ckramie acid (sulphurous and hydrosulphurous acids, 

iodic acid). 
Division b. Sulphuric acid (hydrofluosilicic acid). 
Division c. Phosphoric acid, boracic acid, oxalic acid, hydrqflu&rie acid 

(phosphorous acid). 
Division d. Carbonic acid, silick acid, 

SECOND OROUP : 

Chlorine and hydrochloric acid ; bromine and hydrobromio acid; iodine 
and hydriodic acid; cyanogen and hydrocyanic acid, 
together with hydrqferro- and hydrqferricyanic acids; 
sulphur and hydrosulphuric acid (nitrous acid, hypochlo- 
rous acid, chlorous acid, hypophosphorous acid). 

THIRD GROUP : 

Nitric acid, chloric acid (perchloric acid). 

II. Organic Acids. 

first group : 
Oxalic acid, tartaric acid, citric acid, malic acid (racemic acid). 

SECOND GROUP : 

Succinic acid, benzoic acid, 

THIRD GROUP : 

Aeetic acid, forme acid (lactic acid, propionic acid, butyric acid). 

The acids printed in italics are more frequently met with in the 
examination of minerals, waters, ashes of plants, industrial prodocts, 
medianes, See. ; the others are more rarely met with. 

I. Inorganic Acids. 

§137. 

First Group. 

Acids which are precipitated from Neutral Solutions by 

Chloride of Barium. 

This group is again subdivided into four divisions, viz. : 
1. Acids which are decomposed in acid Solution by hydrosulphuric acid, 
and to which attention has therefore been directed already in the 
testing for basee, viz., chromic acid (sulphurous acid and hypoeul- 
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phurous acid, the latter because it is decomposed and detected by the 
mere addition of hydrochloric acid to the Solution of one of its salts ; 
and also iodic acid).* 

2. Acids which are not decomposed in acid Solution by hydrosulphuric 
acid, and the baryta Compounds of which are insoluble in hydrochloric 
acid : sülphüric acid (nydrofluosilicic acid). 

8. Acids which are not decomposed in acid Solution by hydrosulphurio 
acid, and the baryta Compounds of which dissolve in hydrochloric 
acid, apbarently without decomposition, inasmuch as the acids cannot 
be compietely separated from the hydrochloric acid Solution by heating 
or evaporation: phosphoric acid, boracic acid, oxalic acid, 
hydboflüoric acid (phosphorous acid). (Oxalic acid belongs 
more properly to the organic group. We consider it, however, here 
with the acias of the in organic class, as the property of its salts to be 
decomposed upon ignition without actual carbonization may lead to 
its being overlooked as an organic acid.) 

4. Acids which are not decomposed in acid Solution by hydrosulphuric 
acid, and the baryta salts of which are soluble in hydrochloric acid 
with Separation of the acid : oakbonic acid, silicic acid. 

First Division of the First Group of the Inorganic Acids. 

§ 138. 
Chromic Acid (Cr § ). 

1. Chromic acid appears as a scarlet crystalline mass, or in the 
form of distinct acicular crystals. Upon ignition it is resolved into 
sesquioxide of chromium and oxygen. It delicjuesces rapidly upon ex- 
posure to the air. It dissolves in water, imparting to the fluid a deep 
reddish-yellow tint, which remains visible in very dilute Solutions. 

2. The Chromates are all red or yellow, and for the most part 
insoluble in water. Part of them are decomposed upon ignition. 
Those with alkaline bases are soluble in water, and when neutral are 
fixed ; the Solutions of the neutral alkaline Chromates are yellow, those 
of the alkaline bichromates are reddish-yellow. These tints are visible 
in highly dilute Solutions. The yellow color of the Solution of a 
neutral salt changes to reddish-yellow on the addition of an acid, owing 
to the formation of an acid Chromate. 

3. Hydrosulphuric acid acting upon the acidified Solution produces 
first a brownish coloration of the fluid, then a green coloration, arising 
from the salt of sesquioxide of chromium formed ; this change of color 
is attended with Separation of sulphur, which imparts a milky appear- 
ance to the fluid [KO, 2 Cr O i + 4(HO,SOj+3 HS = KO, SO t + 
Cr, 0,, 3 SO, + 7 HO + 3 S]. Heat promotes this reaction, part of the 
sulphur being in that case convertea into sulphuric acid. 

4. Sulphide of ammonium, when added in excess to a Solution of an 

• To this first division of the first group of inorganic acids belong properly also all 
tho oxygen Compounds of a distinctly pronoanoed acid character, which bare been 
diecossed already with the Sizth Group of the roetallic oxide« (acids of arsenic, antimon^ 
•eleniam, &c.;. Bat m the reaction of these oompounde with hydrosulphuric acid 
laude to lead to oonfounding them ratber with other metallic oxides than with other 
acids, it appeared the safer oourao to class theee Compounds, which may be said to 
stand between the bases and the acids, with the metallio oxides» 
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acid Chromate of an alkali, immediately produces a bluish-gray-green 
precipitate of hydrated Chromate of sesquioxide of chromium ; 
on boiling the whole of the chromium separates as green hydrated 
oxide. In a Solution of neutral Chromate of potassa at first a dark 
brownish coloration alone is produced, but the bluish-gray-green 
precipitate above mentioned soon separates. 

5. Chromic acid may also be reduced to sesquioxide by means of 
many other substances, and more particularly by sulphurous acid y by 
heatin» 1 with concentrated hydrochloric acid, or with the dilute acid and 
alcokol (in which case chloride of ethyl and aldehyde are evolved), by 
metallw zinc, by heating with tartaric acid, oxalic acid, &c. All these 
reactions are clearly characterized by the change of the red or yellow 
color of the Solution to the green or violet tint of the salt of sesquioxide 
of chromium. 

6. Chloride of barium produces in aqueous Solutions of Chromates a 
yellowish-white precipitate of Chromate of baryta (Ba 0, Cr O g ) ; 
ßoluble in dilute hydrochloric and nitric acids. 

7. Nitrate of silver produces in aqueous Solutions of Chromates a 
dark purple-red precipitate of Chromate of silver (AgO, CrOJ 
ßoluble in nitric acid and in ammonia ; in slightly acid Solutions it pro- 
duces a precipitate of bichromate of silver (Ag 0, 2 Cr 3 ). 

8. Acetate of lead produces in an aqueous or acetic acid Solution of 
a Chromate a yellow precipitate of Chromate of lead (Pb 0, CrO § ), 
soluble in potassa, sparingly soluble in dilute nitric acid, insoluble in 
acetic acid. Upon heating with ulkalies the yellow neutral salt is con- 
verted into basic red Chromate of lead (2 Pb O, Cr O a ). 

9. If a very dilute acid Solution of peroxide of hydrogen* (about 6 or 
8 c.c.) is covered with a layer of ether (about half a centimetre thick), 
and a fluid containing chromic acid is added, the Solution of peroxide of 
hydro^en acquires a fine blue color. By inverting the test-tube, closed 
with tue thumb, repeatedly, without much shaking, the Solution becomes 
colorless, whilst the ether acquires a blue color. The latter reaction is 
particularly characteristic. One part of Chromate of potassa in 40,000 
parts of water suffices to produce it distinctly (Storer) ; presence of 
vanadic acid materially impairs the delicacy of the test (WERTHER).t 
The blue coloration is in all probability caused by a combination of 
chromic acid with peroxide of hydrogen. After some time reduction 
of the chromic acid to sesquioxide takes place, and at the same time 
decoloration of the ether. 

10. If insoluble Chromates are fused with carbonate and nitrate ofsoda, 
and the fused mass is treated with water, the fluid obtained appears 
yellow from the alkaline Chromate which it holds in Solution ; upon the 
addition of an acid the yellow colour changes to reddish-yellow. The 
oxides are left either in the pure State or as carbonates, unless they are 
soluble in the caustic soda formed from the nitrate. 

* Solution of peroxide of hydrogen may be easily prepared by triturating a frag- 
ment of peroxide of bariurn (about the size of a pea) with some water, and adding 
it with stirring to a mixture of about 30 o.e. hydrochloric acid, and 120 c.c water. 
The Solution keepa a long Urne without suffering decomposition. In default of peroxide 
of barium, iropure peroxide of sodium may be used instead, which is obtained by 
heating a fragment of sodium in a porcelain capsule until it takee fire, and leiting 
it burn. 

t Journ. f. prakt. Chem. 88, 195. 
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11. The Compounds of chromic acid show the same reactions with 
phosphate of soda and ammonia and with borax in the blowpipe flame, as 
the Compounds of sesquioxide of chromium. 

12. Very minute quantities of chromic acid may be detected by 
one of the following methods : a. mix with the fluid, slightly acidified 
with sulphuric acid, a little tincture of guiaiacum (1 part of the resin to 
100 parts of alcohol of 00 per cent.) when an intense blue coloration 
of the fluid will at once make its appearance, speedily vanishing again, 
however, where mere traces of chromic acid are present (H. Schiff) : 
b. mix the Solution of the alkaline Chromate, which must be as neutral 
as possible with some dilute decoction of logwood, when a very intense 
black coloration will be produced ; in the presence of exceedingly small 
quantities of chromic acid the color is violet-red (ß. Wildenstein). 

Chromic acid being reduced by hydrosulphuric acid to sesquioxide 
of chromium, this acid is in the course of analysis always found in the 
examination for bases. The intense color of the Solutions containing 
chromic acid, the excellent reaction with peroxide of hydrogen. and the 
characteristic precipitates produced by Solutions of salts of lead and 
salts of silver, afford moreover ready means for its detection. For 
the discovery of traces of chromium present in many minerals, for 
instance in Serpentine, the reactions in 12 may be used after the 
mineral has been fused with alkaline carbonate and nitrate. 

Barer Acids of the First Division. 

§ 139. 

a. Sülphüboüs Acid (SO,). 

Sulphurous aotd ifl & colorless, uninflammable gas, which exhalee the stifling odor 
of burning sulpbur. It dissolves copiously in water. The Solution has the odor of 
the gas, reddens litmus-paper, and bleaches Brazil-wood paper. It abborbs oxygen 
from the air, and is thereby converted into sulphuric acid. The salts are colorless. 
Of the neutral sulphites, those with alkaline baae only are readily soluble in water ; 
many of the sulphites in soluble or sparingly soluble in water dissolve in an aqueous 
Solution of the sulphurous acid, but fall down again on boiling. All the sulphites 
erolve sulphurous acid whon treated with sulphuric acid. Chlorine water dissolve« 
most sulphites to sulpbates. Chloride of barium precipitates neutral sulphites, but 
not free sulphurous acid. The precipitate dissolves in hydrochloric acid. Hydrosul- 
phuric acid decomposes the free sulphurous acid, water and pentathionio acid being 
fbnned and free lulphur eliminated. If to a Solution of sulphurous acid mixed with an 
equal volume of hydrochloric acid, a piece of clean copper wire is added, and the mix- 
ture is boiled, the copper appears black, as if covered with soot, if much sulphurous 
acid is present ; but only dull if a little is present (H. Rklnsch). If a trace of sul- 
phurous acid or of a sulphite is introduced into a flask in which hydrogen is being 
erolred from zinc or aluminium and hydrochloric acid, hydrosulphuric acid is irume- 
diately evolved along with the hydrogen, and the gas now produces a black coloration 
or a black precipitate in a Solution of acetate of lead to which has been added a 
•ufficient quantity of soda to redissolve the precipitate which forms at first. Sul- 
phurous acid is a powerful reducing agent ; it reduces chromic acid, permanganic 
acid, chloritle of mercury (to subchloride), decolorizes iodide of starcb, produces a blue 
precipitate in a mix ture of ferricyanide of potassium and flesquichloride of iron, &c 
With a hydrochloric acid Solution of protochlon'de oftin a yellow precipitate of bisul- 
rHiDB of TIN is formed after some time. If an aqueous Solution of an alkaline 
sulphite is mixed with acetic acid just to give it an incipient acid reaction, and is tuen 
added to a relatively large amount of Solution of sulphate of zinc, mixed with a very 
•mall quantity of nüroprusside of sodium, the fluid acquires a red color if the quantity 
of the sulphite present is not too inconsiderable, but when the quantity of the sulphite 
k ? ery minute the coloration makes its appearance only after addition of some Solution 
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of ferrocyxnide of pc^assram. If tbe qnantHies are not a ltagsthei too mhrate, a 
parple-red precipiute will form npon the addition of tbe ferrocymnids of portssinm 
(Bodxejer). Hyposulphites of the alkalies do not show this reactäon. 

6. Hyfosdlfhuboub Acüd (8,0,). 

This »cid does not erist in tbe free itatc Moet of ha aha are aolnble in water. 
Tbe solutiona of moet hyposulphites may be boiled withoot suffering decotnposition ; 
hyposulphite of ilime b resolved npon' boOing into sulphite of fime and sulphur. If 
hfdrochloric acid or sülphuric acid w added to tbe Solution of a hyposulphite, tbe fluid 
ramah» at first clear and inodorous, bat after a «bort time— tbe sborter tbe more 
eoncentrsted tbe aolation — it becomes more and more turbid, owing to tbe Separation 
of sulphur, and exhalea tbe odor of sulphurous acid. Application of beat promotea 
this decompotition. Nitrate of tüver produces a white precipitate of HTP06ULPHm 
Of BILVKE, which i* soluble in an excess of tbe hyposulphite ; alter a little white 
(npon heating ahnoet immediately) this precipitate tarne bUck, being decomp o sed 
into sulphide of tflver and sülphuric acid. Hyposulphite of *oda dissolves chloride of 
■ilver ; npon tbe addition of an acid the Solution remains clear at first, bot after some 
time, and immediately upon boiling, Bulphide of süver separates. Chloride of barium 
producea a white precipitate, which is solable in mach water, more especially bot 
water, and ii decomposed by hydrochloric acid. Ferric chloride colon tbe Solutions of 
alkaline hyposulphites reddish-violet (bere they differ from alkaline sulphites); on 
•tanding the liquid loses its color, eepecially when heated, protochloride of iron being 
formed. Acidified Solution of ehromic acid is immediately reduced by hyposulphites, 
iodide of ttarch is at once decolorixed. With zinc or aluminium and hydrochloric acid 
the hyposulphites behave like the sulphites. 

Where it is required to find sulphites and hyposulphites of tbe alkalies in pc c s cn oa 
of alkaline sulphides, as is often the case, Solution of sulphate of sine is first added to 
the fluid until the sulphide is decomposed ; the sulphide of zinc is then filtered off, and 
one part of the filtrate is tested for hyposulphurous acid by addition of acid, anotber 
portion for sulphurous acid with nitroprusside of sodium, &c. 

c. Iodio Acid (10,). 

Iodio acid crystallizes in white, six-sided tables ; at a moderate beat it is resolved 
into iodine vapor and oxygen ; it is readily soluble in water. The salta are decom- 
posed upon ignition, being resolved either into oxygen and a metallic iodide, or into 
iodine, oxygen, and metallic oxide : the iodates with an alkaline base alone dissolve 
readily in water. Chloride of barium throws down from Solution of iodates of the 
alkalies a white precipitate of iodate of baryta, which is soluble in nitrio acid ; 
nitratc of lilver a white granular-crystalline precipitate of iodate of silveb, which 
dissolves readily in ammonia, but onJy sparingly in nitrio acid. Hydrotulphuric acid 
throwK down from Solutions of iodic acid iodine, which then dissolves in hydriodie 
acid ; tbe preeipitation is attended with Separation of sulphur. If an excess of hydro- 
sulphuric acid is added, the fluid loses its color, and a further Separation of sulphnr 
takes place, the iodine being converted into hydriodie acid. Iodic acid oombined with 
bases is also decomposed by hydrosulphuric acid. Sulphurous acid throws down 
iodine, which upon addition of an excess of the acid is converted into hydriodie 
acid. 

Second Division of the First Group of the Inorgame Acids. 

Sülphuric Acid (SOJ. 
§ 140. 

1. Anhydrous sülphuric acid is a white feathery-crystalline 
mass which emits stronp; fiimes upon exposure to the air ; hydrated 
sülphuric acid (which contains rather more water than corresponds 
to the formula H0,S0,) forms an oily liquid, colorless and transparent 
like water. Both the anhydrous and hydrated acid char organio 
substances, and combine witn water in all proportions, the process of 
combination beinir. attended with considerable elevatdon of temperature, 
and in the case of the anhydrous acid with a hissing noise. 
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2. The neutral sulphates are readily soluble in water with the 
exception of the sulphates of baryta, strontia, lime and lead. The 
basic sulphates of the oxides of the heavy metals which are insoluble 
in water dissolve in hydrochloric acid or in nitric acid. Most of the 
sulphates are colorless or white. The sulphates of the alkalies are not 
decomposed by ignition. The other sulphates are acted upon in diffe- 
rent ways by a red heat, some of them being readily decomposed, others 
with dimculty, and some resisting decomposition altogether. 

3. Chloride of barium produces even in exceedingly dilute Solutions 
of sulphuric acid and of the sulphates a finely-pulverulent, heavy, 
white precipitate of sulphate of baryta (Ba O, S O t ), insoluble in 
dilute hydrochloric and nitric acids. From very dilute Solutions the 
precipitate separates only after standing for some time. Concentrated 
acids and concentrated Solutions of many salts impair the delicacy of 
the reaction. 

4. Acetate qf lead produces a heavy white precipitate of sulphate 
of lead (Pb 0, 8 0,) which is spanngly soluble in dilute nitric acid, 
bnt dissolves completely in hot concentrated hydrochloric acid. 

5. The salts of sulphuric acid with the alkaline earths which are 
insoluble in water and acids are converted into carbonates, by fusion 
with alkaline carbonates. But the sulphate of lead is reduced to the 
State of oxide when treated in this manner. Both the conversion of 
the former into carbonates and the reduction of the latter to the State 
of oxide are attended with the formation of an alkaline sulphate. Th6 
sulphates of the alkaline earths and sulphate of lead are also resolved 
into insoluble carbonates and soluble alkaline sulphate by digestion or 
boiling with concentrated Solutions of carbonates of the alkalies (comp. 
§§95,96,97). 

6. Upon fusing sulphates with carbonate qf soda on charcoal in the 
inner flame of the blowpipe, or heating them in the stick of charcoal 
(p. 24) in the lower reducmg flame, the sulphuric acid is reduced, and 
sulphide of sodium formed, which may be readily recognised by the 
odor of hydrosulphuric acid emitted upon moistemng the sample and 
the part of the charcoal into which the fused mass has penetrated, and 
adding some acid. If the fused mass is transferred to a clean silver 
plate, or a polished silver coin, and then moistened with water and 
some acid, a black stain of sulphide of silver is imraediately formed. 
(Compounds of tellurium and selenium give the same reaction.) 

Bemarks. — The characteristic and exceedingly delicate reaction of 
sulphuric acid with salts of baryta renders the detection of this acid an 
easier task than that of almost any other. It is simply necessary to 
take care not to confound with sulphate of baryta precipitates of chloride 
of barium, and particularly of nitrate of baryta, which are formed upon 
mixing aqueous Solutions of these salts with fluids containing a large 
proportion of free hydrochloric acid or free nitric acid. It is very easy 
to cU8tinguish these precipitates from sulphate of baryta, since they 
redissolve immediatefy upon diluting the acid fluid with water. It is 
a rule that should never be departed from, in testing for sulphuric 
acid with chloride of barium, to dilute the fluid largely ; a little hydro- 
chloric acid should also be added, which counteracts the aaverse 
mfluence of many salts, as, for instance, citrates of the alkalies. 
Where very minute quantities of sulphuric acid are to be detected the 
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fluid should be allowed to stand several hours at a gentle heat ; the trace 
of sulpbate of baryta formed will in tbat case be round deposited at the 
bottora of the vessel. When the least uncertainty exists about the 
nature of the precipitate produced by chloride of barium in presence of 
hydrocbloric acid, the reaction in o will at once set all doubt at rest 
In lookin<r for very small quantities of sulphuric acid in the presence of 
much hydrocbloric or nitric acid, the greater part of the latter should 
first be evaporated off or neutralized. To detect free sulphuric acid in 
presence of a sulpbate the fluid is mixed with a very little cane-sugar, 
and evaporated to dryness in a porcelain dish at 100°. If free sul- 
phuric acid was present a black residue remains, or in the case of most 
min ute quantities, a blackish-green residue. Other free acids do not 
decompose cane-sugar in this way. 

§ 141. 

Hydbofluosilioio Acid (H F, Si F a ). 

Hydrofluosilicio acid is a very acid fluid ; upon evaporation on platinum it vola- 
tilizes completely as fluoride of Silicon and hydrofluoric acid. When evaporated in 
glass it etches the latter. With bases it fonns water aod silico- fluorides of the metala, 
which are most of them soluble in water, redden litmus-paper, and are reeolved npon 
ignition into metallic fluoride« and fluoride of Silicon. Chloride of barium forma a 
cry&tallibe precipitate with bydrofluosilicic acid (§ 95, 6). Chloride of Strontium and 
acetate of lead form no precipitates with this acid. Salti of potasta precipitate trans- 
parent gelatinous silico- Fluoride of potassiüm ; ammonia in excess precipitates 
Hydrated siLioio acid, with formation of fluoride of ammonium. By heating 
metallic silico- fluorides with ooncentrated sulphuric acid dense fumes are emitted in 
the air, arising from the evolution of hydrofluorio and silicofluoric gas. If the experi- 
ment is conducted in a platinum vessel covered with glass the fumes ETCfl the glass 
(§ 146, 5) ; the residue contains the sulphates formed. 

Third Division of the First Group of the Inorganic Acids, 

§ 142. 

a. Phosphoric Acid (P 4 ). 

1. Phosphorus is a colorless, transparent, solid body, of 1*84 
specific gravity ; it has a waxy appearance. Taken internally it acts 
as a virulent poison. It fuses at 44*3°, and boils at 290°. By the in- 
fluence of lig-ht phosphorus kept under water turns first yellow, then 
red, and is finally covered with a white crust. If phosphorus is exposed 
to the air at the common temperature, it exhales a hignly characteristic 
and most disagreeable odor, copious fumes being evolved which are 
lurainous in the dark. These fumes are formed by oxidation of the 
vapor of phosphorus, and consist of phosphoric and phosphorous acids. 
When the air is moist, ozone, peroxide of hydrogen and nitrite of 
ammonia are produced at the same time. Phosphorus very readily 
takes fire, burning with a luminous flame to phosphoric acid, which 
appears in the form of white fumes. By the protracted influence of 
light, or by heating to 250°, phosphorus is converted into a red variety, 
the so-called amorphous phosphorus. In this State it does not alter in 
tue air, it is not luminous, its inflammability is much decreased, and it 
has a specific gr av ity of 2-1. Nitric acid and nitrohydrochloric acid 
dissolve phosphorus pretty readily upon heating. The Solutions con- 
tain at hrst, besides phosphoric acid, also phosphorous acid. Hydro- 
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chloric acid does not dissolve phosphorus. If phosphorus is boiled 
with Solution of soda or potassa, or with milk of lime, hypophosphites 
and phosphates are formed, whilst spontaneously inflammable phos- 
phuretted hydrog-en gas escapes. If a substance containing unoxidized 
phosphorus is placed at the bottom of a ilask, and a slip of paper 
moistened with Solution of nitrate of silver is by means of a cork loosely 
inserted into the mouth suspended inside the ilask, and a gentle heat 
applied (from 30° to 40°), tue paper slip will turn black in consequence 
of the reducing action of the phosphorous fumes, even though only a 
most minute quantity of phosphorus should be present. If after the 
termination of the reaction the blackened part of the paper is boiled , . s 
with water, the undecomposed portion of the silver salt precipitated 
with hydrochloric acid, the fluid filtered, and the filtrate evaporated as 
far as practicable on the water-bath, the presence of phosphoric acid in 
the residue may be shown by means of the reactions described below. 
(J. Scheuer.) It must be borne in mind that the silver salt is 
blackened also by hydrosulphuric acid, formic acid, volatile products 
of putrefaction, &c; and also that the detection of phosphoric acid in 
the slip of paper can be of value only where the latter and the filtering 
paper were perfectly free from phosphorus. As regards the deportinent 
of phosphorus upon boiling with dilute sulphuric acid, and in a 
hydrogen evolution apparatus supplied with zinc and dilute sulphuric 
acid, see § 227. 

2. Anhydrous phosphoric acid is a white, snowlike mass, which 
rapidly deliquesces in the air. When treated with water it hisses like 
a red-hot iron, and is at first only partially dissolved, in time, however, 
the Solution is complete. It forms with water and bases three series 
of Compounds, viz., with three equivalents of water or base hydrate of 
tribasic phosphoric acid or common phosphates ; with two equivalents 
of water or base hydrate of pyrophosphoric acid or pyrophosphates ; 
with one equivalent of water or base hydrate of metaphosphoric acid 
or metaphosphates. As the meta- and pyrophosphoric acids are of 
comparatively rare occurrence they will be treated less fully in a supple- 
mental paragraph. 

3. The HYDRATE of TRIBASIC PHOSPHORIC ACID (3 H 0, P 0,) 

forms colorless and pellucid crystals, which deliquesce rapidly in the 
air to a syrupy non-caustic liquid. The action of heat changes it into 
hydrated meta- or pyrophosphoric acid, according as either one or 
two equivalents of water are expelled. Heated in an open platinum 
dish the hydrate of common phosphoric acid, if pure, volatilizes com- 
pletely, though with difficulty, in white iumes. 

4. The action of heat fails to decompose the tribasic phosphates 
with fixed bases, but converts them into pyrophosphates if they contain 
one equivalent of basic water or ammonia, and into metaphosphates if 
they contain two equivalents. Of the tribasic phosphates those with 
alkaline base alone are soluble in water, in the neutrul State. The 
Solutions manifest alkaline reaction. If pyro- or metaphosphates are 
fused with carbonate of soda the fused mass contains the phosphoric 
acid invariably in the tribasic State. 

5. Chlorid* ofbarlum produces in aqueous Solutions of the neutral or 
basic phosphates of the alkalies, but not in Solutions of the hydrate, a 
white precipitate of Phosphate of baryta (2 Ba 0, H V O t ; or 
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thrown down, partly as phosphate, partly as basic acetate), and filtered 
hot. The filtrate contains the alkaline eartlis as chlorides. If you 
wish to detect, by means of this reaction, phosphoric acid in presence 
of a large proportion of sesquioxide of iron, boil the hydrochloric acid 
Solution with sulphite of soda until the sesquichloride is reduced to 
protochloride, which reduction is indicated by the decoloration of the 
Solution ; add carbonate of soda until the fluid is nearly neutral, then 
acetate of soda, and finally one drop of sesquichloride of iron. The 
reason for this proceeding is, that acetate of protoxide of iron does not 
dissolve phosphate of sesquioxide of iron. 

10. If a few c. c. of the Solution of molybdate qfammonia in nitric acid 
(§ 52) are poured into a test tube, and a little of a fluid is added con- 
taining phosphoric acid in neutral or acid Solution, a light-yellow finely 
pulverulent precipitate forms at once or after a very short time, even 
in the cold, if the quantity of phosphoric acid is not too inconsiderable ; 
this precipitate speedily subsides to the bottora of the tube, or is depo- 
sited on the sides. With exceedingly minute quantities of phosphoric 
acid, as e.g. "00002 grm., a few hours must be allowed for the manifesta- 
tion of the reaction, which should be aided also by applying a gentle 
heat, but not higher than 40°. If no other coloring substances are 
present, the fluid above the precipitate appears colorless. Never allow 
the quantity of the fluid to be tested to exceed one-third of the quantity 
of the reagent, and never consider a mere yellow coloration to be a 
proof of phosphoric acid. 

The yellow precipitate contains molybdio acid, ammonia, water, 
and a little phosphoric acid (about 3 per cent.). As it is insoluble 
in dilute acids only in presence of an excess of molvbdic acid, addition 
of phosphoric aciof in excess will necessarily altogether preveut its for- 
mation, which should be borne in mind. A large amount of hydro- 
chloric acid and certain organic substances, e.g. tartaric acid, will 
impede or prevent the precipitation. The precipitate, after subsiding, 
may be readily recognised even in dark-colored tiuids. By washing it 
with the Solution of molybdate of ammonia with which the precipitation 
has been eflected, dissolving in ammonia, and adding a mixture of sul- 
phate of magnesia, chloride of ammonium, and ammonia, phosphate of 
magnesia and ammonia is produced. 

jßy conductingr the Operation in the manner above stated, phosphoric 
acid cannot well oe confounded with any other acid ; since arsenic acid 
ffives in the cold no precipitate with Solution of molybdate of ammonia 
in nitric acid, though it gives one upon application of heat, and more 
especially upon boiling (the fluid above this precipitate appears yellow); 
and silicic acid shows no reaction with it in the cold, and gives only a 
strong yellow coloration on heating, and no precipitate. 

11. If a finely -powdered substance containing phosphoric acid (or 
a metallic phosphide) is intimately mixed with ö parts of a flux con- 
sisting of 3 parts of carbonate of soda, 1 part of nitrate of potassa, and 
1 part of silicic acid, the mixture fused in a platinum spoon or crucible, 
the fused mass boiled with water, the Solution obtained decanted, car- 
bonate of ammonia added to it, the fluid boiled again, and the silicic 
acid which is thereby preeipitated filtered off, the filtrate now holds in 
Solution alkaline phosphate, and may accordingly be tested for phos- 
phoric acid as directed in 7, 8, 9, or 10. 

12. On igniting and pulverizing a substance containing phosphoric 

n 2 
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acid, placing 1 it into a tube of the thickness of a straw and sealed at one 
end, adding a fragment of magnesium wire about two lines long 1 (or a 
small piece of sodium), which should be covered by the sample, and 
then heating 1 , a vivid incandescence will be observed and phosphide of 
magnesium (or of sodium) will be formed. When the black contents 
of the tube are crushed and moistened with water they exhale the 
characteristic odor of phosphuretted hydrogen. (Winkelblech, 
Bunsen.) 

13. Wlnte of egg is not precipitated by Solution of hydrate of tri- 
basic phosphoric acid, nor uy Solutions of tribasic phosphates mixed 
with acetic acid. 

§ 143. 

a. Bibasic phosphoric acid. The Solution of the hydrate 2 H 0, P O s is converted 
by boiling into Solution of the hydrate 3 H O, P 8 . The Solutions of the salts bear 
heating without suffering decomposition ; but upon boiling with a Strang acid the 
phosphoric acid is converted into the tribasic State. If the salts are fused with car- 
bonate of soda in excess tribasic phosphates are produced. Of the neutral pyropbos- 
phates only those with alkaline bases are soluble in water ; the acid salts {e.g., NaO, 
H O, PO & ) are by ignition converted into metaphosphates (Na 0, P 4 ). Chloridt of 
barium fails to precipitate the free acid ; from solutions of the salts it precipitates white 
PYBOPHOSPHate OF baryta (2 Ba O, P O ft ), soluble in hydrochloric acid. Nitrate of 
fiilrer throws down from a Solution of the hydrate, especially upon addition ofan 
alkali, a white, earthy-looking precipitate of pybophosphatk of silvkb (2 AgO, P 6 ), 
which is soluble in nitric acid and in ammonia. Sulphate of magncsia precipitates 
PYBOPHOSPHate of MaONKBIA (2MgO, PO ft ). The precipitate dissolves in an exoess 
of the pyrophosphate, as well as in an excess of the sulphate of niagnesia. Ammonia 
fails to precipitate it from these solutions. Upon boiling the Solution it separates 
again (m^ana of detecting pyrophosphoric acid in preseuce of phosphoric acid). A 
concentrated Solution of lutco-cobaltic chloride added to an alkaline pyrophosphate 
produces an imroediate precipitation of pale reddi*hyellow spangles. (Here pyroph«s- 
phoric acid differs from phosphoric and metaphosphoric acids, C. D. Bbaün). White 
of egg is not precipitated by Solution of the hydrate nor by solutions of the salts mixed 
with acetic acid. Molybdate of ammonia, with addition of nitric acid, fails to produce 
a precipitate. 

ß. Monobasic phosphoric acid, Five sorts of monobasic phosphates are known, and 
the bydrates also corresponding to most of these have been produced. The several 
reactions by which to distinguiah between thete I will not enter upon here, and 
confine myself to the simple Observation that the monobasic phosphoric acids differ 
from the bibasic and tribasic phosphoric acids in this, that the solutions of the bydrates 
of the monobasic acids precipitate white of egg at once, and the solutions of their salts 
after addition of acetic acid. Those h>drates and salts which are precipitated by 
nitrate of silver produce with that reagent a white precipitate. A mixture of sulphate 
of magncsia, chloride of ammonium, and ammonia fails to precipitate the monobasic 
phosphoric acids and their salts, or produces precipitates soluble in chloride of ammo- 
nium. All monobasic phosphates yitld upon fusion with carbonate of soda tribasic 
phospbate of soda. 

§ 144. 

b. Boracic Acid (B0 g ). 

1. Boracio acid, in the anhydrous state, is a colorless, fixed 
glass, fusible at a red heat ; hydrate of boracic acid (H 0, B $ ) is a 
porous, white mass ; in the crystalline State (HO, B g + 2 aq.), it 
presents small scaly laminoe. It is soluble in water and in spirit of 
wine ; upon evaporating the solutions a large proportion of boracic acid 
volatilizes along with the aqueous and alconolic vapors. The solutions 
redden litmus-paper, and impart to turmeric-paper a feint brown-red 
tint, which acquires intensity upon drying. The borates are not 
decomposed upon ignition ; those with alkaline bases alone are readily 
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soluble in water. The Solutions of borates of the alkalies are color- 
less, and all of them, even those of the acid salts, manifest alkaline 
reaction. 

2. Chloride of barium produces in Solutions of borates, if not too 
highly dilute, a white precipitate of borate of baryta, which is soluble 
in acids and ammoniacal salts. The formula of this precipitate, when 
tbrown down from Solutions of neutral borates, is Ba 0, B 0, + aq. ; 
when thrown down from Solutions of acid borates, 3 Ba 0, ö B 0, + 6 aq. 
(H. Rose). 

3. Nitrate of silver produces in concentrated Solutions of neutral 
borates of the alkalies a white precipitate, inclining slightly to yellow 
from admixture of free oxide of silver (Ag 0,BO,+ HO); in concen- 
trated Solution of acid borates a white precipitate of 3AgO, 4BO g . 
Dilute solutions of borates give with nitrate of silver abrown precipitate 
of oxide of silver (H. Rose). All these precipitates dissolve in nitric 
acid and in ammonia. 

4. If dilute sulphuric acid or hydrochloric acid is added to highly con- 
centrated, hot prcpared Solutions of alkaline borates, the boracic acid 
separates upon cooling, in the form of shining crystalline scales. 

ö. If alcohol is poured over free boracic acid or a borate — with addi- 
tion, in the latter case, of a si{fficient quantity of concentrated sulphuric acid 
to liberate the boracic acid — and the alcohol is kindled, the flame 
appears of a very distinet yellowish-green color, especially upon 
stirring the mixture ; this tint is imparted to the flame by the horacic 
acid which volatilizes with the alcohol. The delicaey of this reaction 
may be considerably heightened by heating the dish which contains the 
alcoholic mixture, kindlin<j the alcohol, allowing it to burn for a short 
tirae, then extinguishing the flame, and afterwards rekindling it. At 
the first flickering of the flame its borders will now appear green, even 
though the quantity of the boracic acid be so minute that it fails to 
produce a perceptible coloring of the flame when treated in the usual 
manner. As salts of copper also impart a green tint to the flame of 
alcohol, the copper which might be present must first be removed by 
means of hydrosulphuric acid. Presenceof metallic chlorides also may 
lead to mistakes, as the chloride of ethyle formed in that case colors the 
borders of the flame bluish- green. 

6. If a Solution of boracic acid, or of a borate with an alkali or an 
alkaline earth for base, is mixed with hydrochloric acid to slight, but 
distinet, acid reaction, and a slip of turmeric-paper is half dipped into it, 
and then dried on a watch-glass at 100°, the dipped half shows a 
peculiar red tint (H. Rose). 

This reaction is very delicate ; care must be taken not to confound 
the characteristic red coloration with the blackish-brown color which 
turmeric paper acquires when moistened with rather concentrated hydro- 
chloric acid, and then dried ; nor with the brownish-red coloration which 
sesquichloride of iron, or a hydrochloric acid Solution of molybdate of 
ammonia or of zirconia, gives to turmeric-paper, more particularly upon 
drying. By moistening turmeric-paper reddened by ooracic acid with 
a Solution of an alkali or an alkaline carbonate, the color is changed to 
bluish-black or greenish-black ; but a little hydrochloric acid will at 
once restore the brownish-red color (A. Vogel, H. Ludwig). 

7. If a substance containing boracic acid is reduced to a fine powder, 
this with addition of a drop of water, mixed with 3 parts of a flux com- 
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posed of 4 \ parts of bisulphate of potassa and 1 partof finely pul verized 
fluoride of calcium, free from boracic acid, and the paste ex posed on the 
loop of a platinum wire in the outer niantle of the Bunsen gas flame, or 
at the apex of the inner Haine of the blowpipe, fluoride of boron escapes, 
which imparts to the flame — though only for a few instants — a green 
tint. With readily decomposed Compounds the reaction may be ob- 
tained by simply nioistening the sample with hydrofluosilicic acid, and 
holding it in the flame. 

8. Boracic acid or borates, fused with carbonate of soda on the loop 
of a platinum wire, give, when placed in the flame of the spectnm 
ap parat u$, a spectrum of four well-marked lines of equal width, equi- 
distant from each other. B t is brilliant yellowish-«j;reen (coineiding 
with Bay), B is brilliant light-grcen (coinciding with Baß), B g is nale 
bluish -green (nearlv coinciding with the blue bariuin line), B 4 is blue, 
very pale, close to Ü3r8 (Simmler). 

§ 146. 
c. Oxalic Acid (C 4 6 = Ö). 

1. The hydrate of oxalic acid (2 H 0, CO,) is a white powder ; 
the crvstallized acid (2 H 0, Cfi € + 4 aq.) forme colorless rhombic 
prisms. Both dissolve readily in water and in spirit of wine. By 
neating rapidly in open vessels part of the hydrated acid undergoes 
decomposition, whilst another portion volatilizes unaltered. The ftimes 
of the volatilizing acid are very irritating and provoke coughing. If 
the hydrate is heated in a test-tube part of it sublimes unaltered. 

2. The whole of the Oxalates undergo decomposition at a red heat, 
the oxalic acid being converted into carbonic acid and carbonic oxide. 
The Oxalates of the alkalies and of baryta, strontia, and lime are in this 
procecs sonverted into carbonates (if pure, and if the heat is gentle, 
almost without Separation of charcoal). Oxalate of magnesia is con- 
verted into pure magnesia even by a very gentle red heat. The Oxa- 
lates with metallic böses leave either the pure metal or the oxide 
behind, according to the reducibility of the metallic oxide. The alka- 
line Oxalates, and also some of the Oxalates with metallic bases, are 
soluble in water. 

8. Chloride of barium produces in neutral Solutions of alkaline Oxa- 
lates a white precipitate of Oxalate of baryta (2 BaO, C 4 8 + 2aq.), 
which dis>olves very sparingly in water, more readily in water contain- 
ing chloride of ammonium, acetic acid, or oxalic acid, freely in nitric 
acid and in hydrochloric acid; ammonia reprecipitates it from the latter 
Solutions unaltered. 

4. Nitrate of silver produces in Solutions of oxalic acid and of alka- 
line Oxalates a white precipitate of Oxalate of silver (2 AgO, Cß t ), 
which is readily soluole in concentrated bot nitric acid, and also in 
ammonia, but dissolves with difficulty in dilute nitric acid, and is most 
sparingly soluble in water. 

5. Lime water and all the soluble salts qflime, and consequently also 
Solution of sulphate of Urne, produce in even highly dilute Solutions of 
oxalic acid or of Oxalates of the alkalies, white finely pulverulent pre- 
cipitates of Oxalate of lime (2 CaO, C t 8 + 2aq., and occasionally 
2 CaO, C^O, + 6 aq.), which dissolve readily in hydrochloric acid and in 
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nitric acid, but are nearly insoluble in oxalic acid and in acetic acid, 
and practically insoluble in water. The presence of salts of ammonia 
does not interfere with the forniation of these precipitates. Addition 
of ammonia considerably promotes the precipitation of free oxalic acid 
by salts of lime. In highly dilute Solutions the precipitate is only 
formed after some time. 

6. If hydrated oxalic acid or an Oxalate, in the dry State, is heated 
with an excess of conccntrated sulphuric acid, the latter withdraws from 
the oxalic acid its constitutional water or base, and thus causes its 
decompositionintocAKBONic acid and carbonic oxiüE (C 4 8 = 2CO + 
2C0 2 ), the two gases escaping with effervescence. If the quantity 
operated upon is not too minnte the carbonic oxide may be kindled ; it 
bums with a blue Harne. Should the sulphuric acid acquire a dark color 
in this reaction, this is a proof that the oxalic acid contained some 
organic substance in admixture. 

7. If oxalic acid or an Oxalate is mixed with finely pulverized Unoxide 
ofmanganese (which must be free from carbonates), a little water added 
and a few drops of sulphuric acid, a lively efferveseence ensues, caused 
by escapintr carbonic acid [2 Mn 0, + Gfl t + 2 S 0, = 2 (Mn 0, S O,) + 
4C0J. 

8. If Oxalates of alkaline earths are boiled with a concentrated Solu- 
tion of carbonate of soda 7 and filtered, the oxalic acid is obtained in the 
fil träte in combination with soda, whilst the precipitate contains the 
base as carbonate. With Oxalates containing for their base oxides 
of heavy metals, this Operation is not always sure to attain the desired 
object, as many of these Oxalates, e.g. Oxalate of protoxide of 
nickel, will partially dissolve in the alkaline fluid, with formation of a 
double salt. Metals of this kind should therefore be separated as 
sulphides. 

§ 146. 

d. Hydrofluoric Acid (HF). 

• 

1. Anhydrous hydrofluoric acid is a colorless corrosive gas, 
which fumes in the air, and is freely absorbed by water. Liquid hydro- 
fluoric acid is distinguished from all other acids by the property of 
dissolving crystallized silicic acid, and also the Silicates which are in- 
soluble in hydrochioric acid. Hydrofluosilicic acid and water are formed 
in the process of Solution (Si 0, + 3 II F = Si F 8 , HF + 2H0). With 
metallic oxides hydrofluoric acid forms metallic fluorides and water. 

2. The Fluorides of the alkali metals are soluble in water; the 
Solutions have an alkaline reaction. The fluorides of the metals of the 
alkaline earths are either insoluble or very difficultly soluble in water. 
Fluoride of aluminium is readily soluble. Most of the fluorides of the 
heavy metals are very sparingly soluble in water, as the fluorides of 
copper, lead, and zinc ; many others dissolve in water without difficulty, 
as tue sesquitiuoride of iron, protofluoride of tin, and fluoride of mercurv. 
Many of the fluorides insoluble or difficultly soluble in water dissolve m 
free nydrofluoric acid ; others do not. Most of the fluorides bear igni- 
tion in a cruoible without sutfering decomposition. 

3. Chloride of barium precipitates aqueous Solutions of hydrofluoric 
acid, but mach more completely Solutions of fluorides of the alkalies. 
The bulky white precipitate of Fluoride of barium (BaF) isalmost 
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absolutely insoluble in water, but dissolves in large quantities of hydro- 
chloric acid or nitric acid. from which Solutions ammonia fails to preci- 

Sitate it, or throws it down only very incoinpletely, owing to the 
issolving action of the neutral ammonia salts. 

4. Chloride of calcium produces in aqueous Solutions of hydrofluorio 
acid or of fluorides a gelatinous precipitate of Fluoride of calcium 
(Ca F), which is so transparent as at first to induce the belief that the 
fluid has remained perfectly clear. Addition of ammonia promotes the 
complete Separation of the precipitate. The precipitate is practically 
insoluble in water, and only very slightly soluole in hydrochloric 
acid and nitric acid in the cold : it dissolves somewhat more largely 
upon boiling with hydrochloric acid. Ammonia produces no precipi- 
tate in the Solution, or only a very trifling one, as the salt of ammonia 
formed retains it in Solution. Fluoride of calcium is scarcely more 
soluble in free hydrofluoric acid than in water. It is insoluble in 
alkaline fluids. 

5. If a finely pulverized fluoride, no matter whether soluble or in- 
soluble, is treated in a platinum crucible with just enough concentrated 
sulphuric acid to make it into a thin paste, the crucible covered with 
the convex face of a watch-glass of hard glass coated with bees-wax, 
which has been removed again in some places by tracing lines in itwith 
a pointed piece of wood, tue hoilow of the glass filled with water, and 
the crucible gently heated fbr the space of half an hour or an hour, the 
exposed lines will, upon the removal of the wax, be found more or less 
deeply etched into the glass. (The coating with wax may be readily 
effected by heating the glass cautiously, putting a small piece of wax 
upon the convex face, and spreading the fused mass equally over it 
Tne removal of the wax coating is effected by heating the glass gently, 
and wiping with a cloth.) If the quantity of hydrofluoric acid dis- 
enga^ed by the sulphuric acid was very minute, the etching is often 
invisible upon the removal of the wax ; it will, however, in such cases 
appear when the glass is breathed upon. This appearance of the etched 
lines is owing to the unequal capacity of condensing water which the 
etehed and the untouched parts of the plate respectively possess. The 
impressions which thus appear upon breathing on the glass may, how- 
ever, owe their origin to other causes ; therefore, though their non- 
appearance may be held as a proof of the absence of iluorine, their 
appearance is not a positive proof of the presence of that element. At 
all events, they ought only to be considered of value where they can be 
developed again after the glass has been properly washed with wafcer, 
dried, and wiped.* 

This reaction fails if there is too much silicic acid present, or if the 
substance is not decomposed by sulphuric acid. In such cases one of 
the two following methods is resorted to, according to circumstances. 

6. If we have to deal with a fluoride decomposabk by sulphuric acid, 

* J. Nickl&s Btates that etchings on glass may be obtained with all kinds of 
sulphuric acid, and, in fact, with all arid* suited to effect evolution of hydrofluoric 
acid. I have tried watch-glasses of Bohemian glass with sulphuric and other acids, 
but could get no etchings in confirmation of this Statement. Still, proper caution 
de man da that before using the sulphuric acid, it should first be positively ascertained 
that its fumes will not etch glass. Should the sulphuric acid contain hydrofluoric 
acid, the latter may be earily removed by dilutiog with an equal volume of water and 
evaporating in a platinum dish to the original strength. 
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but mixed with a large proportion of silicic acid, the fluorine in it may 
be detected by heating the mixture in a test-tube with concentrated 
sulphuric acid, as fluosilicic gas is evolved in this process, which forms 
dense white fumes in moist air. If the gas is conducted into water 
through a bent tube moistened inside, the latter has its transparency 
more or less impaired, owing to the Separation of silicic acid. If the 
quantity operated upon is rather considerable, hydrate of silicic acid 
separates in the water, and the fluid is rendered acid by hydrofluosilicic 
acid. 

The following process answers best for the detection of small quan- 
tities of fluorine. Heat the substance with concentrated sulphuric acid 
in a flask closed with a cork with double Perforation, bearing two tubes, 
one of which reaches to the bottom of tue flask, whilst the other ter- 
minates immediately under the cork. Conduct through the longer tube 
a slow stream of dry air into the flask, and conduct this, upon its re- 
issuing through the other tube, into a Ü tube containing a little dilute 
ammonia, and connected at the other end with an aspirator. The silico- 
fluoric gas which escapes with the air, decomposes with the ammonia. 
more particularly upon the application of a gentle heat cowards the end 
of the process, fluoride of ammonia and nydrated silicic acid being 
formed. Filter, evaporate in a platinum crucible to dryness, ana 
examine the residue by 5. For more difficultly decomposable sub- 
stances bisulphate of potassa is used instead of sulphuric acid, and the 
mixture, to which some marble is added (to ensure a continuous slight 
evolution of gas), heated to fusion, and kept in that state for some time. 

7. Silicates not decomposable by sulphuric acid must first be fused 
with four parts of carbonate of soda and potassa. The fused mass is 
treated with water, the Solution iiltered, the filtrate concentrated by 
evaporation, allowed to cool, transferred to a platinum vessel, hydro- 
chloric acid added to feebly acid reaction, and the fluid allowed to stand 
until the carbonic acid has escaped. It is then supersaturated with am- 
monia, heated, filtered into a bottle, chloride of calcium added to the still 
hot fluid, the bottle closed, and allowed to Stand at rest. If a precipitate 
separates after some time it is collected on a filter, dried, and examined 
by the method described in ö (H. Rose). 

8. Minute quantities of metallic fluorides in minerals, slags, &c, may 
also be readily detected by means of the blawpipc. To this end bend a 
piece of platinum foil, and insert it in a glass tube as shown in fig. 43, 
introduce the finely triturated sub- 
stance mixed with powdered phosphate 
of soda and ammonia fused on char- 
coal, and let the blowpipe Harne play Fig. 43. 

upon it so that the products of com- 

bustion may pass into the tube. A metallic fluoride treated in this 
way yields hydrofluoric acid gas, which betrays its presence by its 
pungent odor, the dimming of tue glass tube (which becomes percep- 
tible only after cleaning and drying), and the yellow tint wluch tue 
acid air issuing from the tube imparts to a moist slip of Brazil-wood 
paper* (Berzelius, Smithson). When Silicates containing metallic 
fluorides are treated in this manner gaseous fluoride of Silicon is formed. 
which also colors yellow a moist slip of Brazil-wood paper inserted 

* Prepared by moistening alips of fine printiog-paper with decoction of Brazil-wood. 
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in tbe tube, and leads to silicic acid being deposited witbin the tube. 
After washing and drying tbe tube, it appears nere and tbere dimmed. 
A small quantity of a iluoride present in a mineral containing water may 
generally be detected by heating the substance by itself in a glass tube 
sealed at one end and inserting a slip of Brazil-wood paper in tbe tube; 
under tbe circumstance tbe paper will usually turn yellow (Berzelius). 

§ 147. 

Rccapitulation and remarks. — Tbe baryta Compounds of tbe acids of 
the third division are dissolved by bydrochloric acid, apparently witbout 
decomposition ; alkalies therefore reprecipitate them unaltered, by 
neutralizing the bydrochloric acid. Tne baryta Compounds of the acids 
of the first division show, bowever, the same deportment ; these acids 
must, therefore, if present, be removed before any conclusion regarding 
the presence of phosphoric acid, boracic acid, oxalic acid, or hydrofluoric 
acid, can be drawn from the reprecipitation of a salt of oaryta by 
alkalies. But even leaving this point altogether out of the question no 
great value is to be placed on this reaction, not even so far as the simple 
detection of these acids is concerned, and far less still as regards tbeir 
Separation from other acids, since ammonia fails to reprecipitate from 
bydrochloric acid Solutions the salts of baryta in question, and more 
particularly the borate of baryta and the iluoride of oarium, if the Solu- 
tion contains any considerable proportion of free acid or of an ammoniacal 
salt. Boracic acid is well characterized by tbe coloration which it im- 
parts to the flame of alcohol, and also by its action on turmeric-paper. 
The latter reaction is more particularly suited for the detection of very 
minute traces. Oxides of the heavy metals, if present, are most con- 
veniently removed first by hydrosulpnuric acid or sulphide of ammonium. 
Before proceeding to concen träte dilute Solutions of ooracic acid the acid 
must be combined with an alkali, otherwise a large portion of it will 
volatilize with the aqueous vapors. Small quantities of boracic acid may 
also be safely and easily detected by the spectroscope. The detection 
of plwsphoric acid in Compounds soluble in water is not diffieult ; the re- 
action with sulphate of magnesia, &c, is the best adapted for tbe pur- 
pose. The detection of phosphoric acid in insoluble Compounds cannot 
be effected by means of magnesia Solution. Sesquichloride of iron 
(§ 142, 9) is well suited for the detection of phosphoric acid in its salts 
with the alkaline earths, and more particularly for the Separation of the 
acid from the alkaline earths ; tbe nitric acid Solution of molybdate of 
ammonia is more especially adapted to effect the detection of phosphoric 
acid in presence of alumina and sesquioxide of iron. I must repeat again 
that both these reactions demand the strictest attention to the directions 
given. If present in combination with oxides of the fourth, fifth, or 
sixth group, it may be separated by the method given § 142, 11, or by pre- 
cipitating the bases with hydrosulphuric acid or sulphide of ammonium. 

Oxalic acid may always be easily detected in aqueous Solutions of 
Oxalates of tbe alkalies, by Solution of sulphate of lime. The formatdon 
of a finely pulverulent precipitate, insoluble in acetic acid, leaves hardly 
a doubt on tbe point, as racemic acid alone, which occurs so very rarely, 
gives the same reaction. In case of doubt the Oxalate of lime may be 
readilydistinguishedfrom the racemate, by simple ignition,w r ith exclusion 
of air ; as the decomposed racemate leaves a considerable proportion of 
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charcoal behind ; the racemate dissolves moreover in cold Solution of 
potassa or soda, in which Oxalate of lime is insoluble. The deportment 
of the Oxalates with sulphuric acid, or with binoxide of manganese and 
gulphuric acid, atfords also sufficient means to confirm the results of 
other tests. In insoluble salts the oxalic acid is detected most safely by 
decomposing them by boiling with Solution of carbonate of soda, or by 
hydrosulphuric acid or sulphide of ammonium (§ 145, 8). I must 
finally also call attention here to the tact that there are certain soluble 
Oxalates which are not precipitated by salts of lime ; these are more par- 
ticularly Oxalate of sesquioxide of chromiuin, and Oxalate of sesquioxide 
of iron. Their non-precipitation is owing to the circumstance that these 
3alts form soluble double salts with Oxalate of lime. Hydrofiuoric acid 
is readily detected in salts decomposable by sulphuric acid ; only it mußt 
be borne in mind that an over large proportion of sulphuric acid impedes 
the free evolution of hydroiluoric gas, and thus impairs the delicacy of 
the reaction ; also that the glass cannot be distinctly etched if. instead 
of hydrofluoric gas, fluosilicic gas alone is evolved ; and therefore, in the 
case of Compounds abounding in silica, the safer way is to try, besides 
the reaction given § 14C, 5, also the one given in 6. In Silicates which 
are not decomposed by sulphuric acid the presence of fluorine is often 
overlooked, because the analyst omits to examine the Compound care- 
fully by the method given in 7. 

§ 148. 

Phosphorous Acid (P0 3 ). 

Anhydrous phosphorous acid is a white powder, which admits of Sublimation, and 
bums wben heated in the air. It forma with a smal) proportion of water a thickish 
fluid, which crystallizes by long Standing. Heat decomposes it into hydrated phos- 
phoric acid, and phosphuretted hydrogen ga«, which does not spontaneously take tire. 
It freely dissolves in water. Of the salts those with alkaline base are readily soluble 
in water, all the others sparingly soluble ; the latter dissolve in dilute acids. AU the 
salts are decomposed by ignition into phosphates, which are left behind, and hydrogen, 
or a mixture of hydrogen and phosphuretted hydrogen, which escapes. With vitrate 
of iüver Separation of metallic silver takes place, more especially upon addition of 
amtnonia and application of heat ; with nitratc of tuboxule uf merrury, under the Barne 
circumstances, Separation of metallic mercury. From chloride of mcrcury in excess 
phosphorous acid throws down subchloride of tnercury alter some tinic, more lapidly 
upon heating. Chloride of bunurn and chloride of calcium producc in not over-dilute 
Solutions of phosphorous acid, upon addition of ainmonia, white preeipitates, soluble 
in acetic acid. A mixture of sulphate of magnesia, chloride of ammonium, and 
ammonia will preeipitate only l-ather concentrated Solutions. Acetatc of iead throws 
down white phosphite of lead, insoluble in acetic acid. By heating to boiling with 
tuipfturous acid in excess phosphoric acid is formed, attended by Separation of sulphur. 
In co n tact with zinc and dilute sulphuric acid phosphorous acid gives a mixture of 
hydrogen with phosphuretted hydrogen, which accordingly fumea in the air, burns 
with an emerald-green color, and preeipitates silver and phosphide of silver from 
Solution of nitrate of silver. 

Fourth Division of the First Group of the Inorganic Acids. 

§ 149. 

a. Carbonic Acid (CO,). 

1. Carbon is a solid tasteless and inodorous body. The very 
highest degrees of heat alone can effect its fusion and volatilization 
(Despretz). All carbon is combustible, and yields carbonic acid when 
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burnt with a sufficient supply of oxygen or atmospheric air. In the 
diamond the carbon is crystallized, transparent, pellucid, exceedingly 
hard, difficultly combustible ; in the form of graphite it is opaque, 
blackish-grey, soft, greasy to the touch, difficultly combustible, and 
stains the fingers; as charcoal produced by the decomposition of organic 
matter it is black, opaque, non-crystalline — sometimes dense, shinin^, 
and difficultly comoustible, and sometimes porous, dull, and readily 
combustible. 

2. Carbonic acid, at the common temperature and common atmo- 
spheric pressure, is a colorless gas of far higher specific gravity than 
atmospheric air, so that it may De poured from one vessel into another. 
It is inodorous, has a sourish taste, and reddens moist litmus-paper ; 
but the red tint disappears again upon drying. Carbonic acid is 
readily absorbed by Solution of potassa ; it dissolves pretty copiously 
in water. 

3. The AQUEOU9 Solution of carbonic acid has a feebly acid 
and pungent taste ; it transiently imparts a red tint to litmus-paper, 
and colors Solution of litmus wine-red \ it loses its carbonic acid wnen 
shaken with air in a half-filled bottle, and more completely still upon 
application of heat. Some of the carbonates lose their carbonic acid 
by ignition ; those with colorless oxides are white or colorless. Of the 
neutral carbonates only those with alkaline bases are soluble in water. 
The Solutions manifest a very strong alkaline reaction. Besides the 
carbonates with alkaline bases, those also with an alkaline earth 
for base, and some of those with a metallic base, dissolve as acid or 
bicarbonates. 

4. The carbonates are decomposed by all free acid* soluble in water, 
with the exception of hydrocyanic acid and hydrosulphuric acid. 
Most carbonates are decomposed in the cold, but several (magnesite, 
for instance) require heat. The decomposition is attended with 
effervescence, the carbonic acid being disengaged as a colorless 
and inodorous gas, which transiently imparts a reddish tint to litmus- 
paper. It is necessary to apply the decomposing acid in excess, espe- 
cially when operating upon carbonates witn alkaline bases, since the 
formation of uicarbonates will frequently prevent effervescence if too 
little of the decomposing acid be added. Substances which it is in- 
tended to test for carbonic acid should first be heated with a little 
water, to prevent any mistake which might arise from the escape of 
air-bubbles upon treating the dry substances with the acid. Where 
there is reason to apprehend the escape of carbonic acid upon boiling with 
water, lime water should be used instead of pure water. If you wish 
to prove that the escaping gas is really carbonic acid, dip a glass rod 
in baryta water and hold it inside the test-tube near the fluid ; a white 
pellicle will form on the baryta-water, as is explained in ö. 

ö. Lime water and baryta-water, brought into contact with carbonic 
acid or with soluble carbonates, produce white precipitates of neutral 
carbonate of lime (CaO, C0 2 ), or carbonate of baryta (BaO, 
C O a ). In testing for free carbonic acid the reagents ought always to 
be added in excess, as the acid carbonates of the alkaline earths are 
soluble in water. The precipitates dissolve in acids, with effervescence, 
and are not reprecipitated from such Solutions by ammonia, after the 
complete expulsion of the carbonic acid by ebullition. As lime-water 
dissolves very minute quantities of carbonate of lime, the detection of 
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exceedingly niinute traces of carbonic acid requires the use of a lime- 
water saturated with carbonate of lime by long digestion therewith 
(Welter, Berthollet). 

6. Chloride of calcium and chloride of barium immediately produce in 
Solutions of neutral alkaline carbonates, precipitates of carbonate of 
lime or of carbonate of baryta; in dilute Solutions of bicarbonates 
these precipitates are formed only upon ebullition ; with free carbonic 
acid these reagents give no precipitate. 

§150. 
b. Silicic Acid (SiO,). 

1. Silicic acid is colorless or white, even in the hottest blowpipe 
fiame unalterable and infusible. It fuses in the flame of the oxyhydrogen 
blowpipe. It is met with in the crystalline and the amorphous State. 
It is insoluble in water and acids (with the exception of nydrofluoric 
acid, which dissolves the amorphous variety easily, the crystalline 
variety with more difficulty) ; its hydrate is soluble in water and acids, 
but only at the moment of its Separation. The amorphous silicic acid 
and the hydrate dissolve in hot aqueous Solutions of potassa and soda 
and their carbonates; but the crystallized acid is insoluble or ncurly so 
in these fluids. If either of the two is fused with a caustic alkali or 
alkaline carbonate, a basic Silicate of the alkali is obtained, which is 
soluble in water. The Silicates with alkaline bases alone are soluble 
in water. 

2. The Solutions of the alkaline Silicates are decomposed by all aads. 
If a large proportion of hydrochloric acid is added at once to even con- 
centrated Solutions of alkaline Silicates the separated silicic acid remains 
in Solution ; but if the hydrochloric acid is added gradually drop by 
drop, whilst stirring the fluid, the greater part of the silicic acid sepa- 
rates as gelatinous hydrate. The more dilute the fluid, the more 
silicic acid remains in Solution, and in highly dilute Solutions no preci- 

Eitate is formed. If the Solution of an alkaline Silicate, mixeci with 
ydrochloric or nitric acid in excess, is evaporated to dryness silicic 
acid separates in proportion as the acid escapes ; upon treating the 
residue with hydrochloric acid and water the silicic acid remains in the 
free State (or, if the temperature was restricted to 100°, as hydrate), as 
an insoluble white powcler. Chloride of ammonium produces in not 
over-dilute Solutions of alkaline Silicates precipitates of hydrate of silicic 
acid (containing alkali). Heating promotes the Separation. 

3. Some of the Silicates insoluble in water are decomposed by 
hydrochloric acid or nitric acid, others are not affected by these acids, 
even upon boiling. In the decomposition of the former the greater 
portion of the silicic acid separates usually as gelatinous, more rarely 
as pulverulent hydrate. To eflect the complete Separation of the silicic 
acid, the hydrochloric acid Solution, with the precipitated hydrate of 
silicic acid suspended in it, is evaporated to dryness, the residue heated 
with stirring, at a uniform temperature above the boiling poiut of water 
until no more acid fumes escape, then moistened with hydrochloric acid, 
heated with water, and the fluid containing the bases nltered from the 
residuary insoluble silicic acid. Of the Silicates not decomposed by 
hydrochloric acid many, c.g. } kaolin, are completely decomposed by 
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heating with a mixture of 8 parts of hydrated sulphuric acid and 3 parts 
of water, the silicic acid being separated in the pulverulent form ; many 
others are acted upon to some extent by this reagent. Silicates not 
decomposable by boiling with hydrochloric or sulphuric acid in the 
open air, may generally be coinpletely decomposed by heating in a 
State of fine powder with the acids in sealed glass tubes at 200° — 210° 
in an air or paraifin bath. 

4. If a Silicate, reduced to a fine powder, is fused with 4 parts of 
oarbonate of potassa and soda until the evoiution of carbonic acid has 
ceased, and the fused mass is then boiled with water, the greater part 
of the silicic acid dissolves as alkaline Silicate, whilst the alkaline earths, 
the earths proper (with the exception of alumina and berylla, which 
pass more or less completely into the Solution), and the heavy metallic 
oxides are left undissolved. If the fused mass is treated with water, 
then, without previous filtration, hydrochloric or nitric acid added to 
strongly acid reaction, and the fluid treated as directed in 3, the silicic 
acid is left undissolved, whilst the bases are dissolved. If the powdered 
Silicate is fused with 4 parts of hydrate of baryta, the fused mass digested 
with water, with addition of hydrochloric or nitric acid, and the acid 
Solution treated as directed in 3, the silicic acid separates, and the bases, 
especially also the alkalies, are found in the fil träte. 

6. If hydrofluoric acid, in concentrated aqueous Solution or in the 
gaseous State, is made to act upon silicic acid, fluosilicic gas escapes 
(Si O, + 2 H F = Si F, + 2 H O) ; dilute acid dissolves silica to hydrofluo- 
silicic acid (Si O f + 3 H F = Si F„ H F + 2 H 0). Hydrofluoric acid 
acting upon Silicates gives rise to the formation of silicofluorides 
(CaO,SiO a + 3HF=SiF 1 , CaF + 3HO), which by heating with 
hydrated sulphuric acid are changed to sulphates, with evoiution of 
hydrofluoric and fluosilicic gas. If the powaered Silicate is mixed with 
3 parts of fluoride of ammonium, or ö parts of fluoride of calcium in 
powder, the mixture made into a paste with hydrated sulphuric acid, 
and heat applied (best in the open air) until no more ftimes escape, the 
whole of tue silicic acid present volatilizes as fluosilicic gas. The 
bases present are found in the residue as sulphates, mixed, if fluoride 
of calcium was used, with sulphate of lime. 

6. On mixing 1 part of finely powdered silica, or a Silicate with 
2 parts of powdered crvolite or fluor spar (free from silica), and 4 or 
6 parts of concentrated sulphuric acid, heating the mixture moderately 
in a platinum crucible, but not allowing it to spurt, and then holding 
close over the surface the loop of a stout platinum wire which has been 
freshly ignited, and now contains a drop of water ; a pellicle of hydrated 
silicic acid will soon form on the latter from decomposition of the 
escaping* fluosilicic gas (Barfoed). 

?. If silicic acid or a Silicate is fused with carbonate of soda in the 
loop of a platinum wire frothing is observed in the bead owing to 
the evoiution of carbonic acid. The bead obtained with pure silicic 
acid is always clear when bot, with Silicates when they are rieh in 
silicic acid (as the felspathic rocks), the bead is also clear, otherwise 
it is opaque. The clearness of the cold bead depends upon the propor- 
tion between silicic acid, soda, and other bases. 

8. Phosphate of soda and ammonia, in a State of fusion, falls nearly 
altogether to dissolve silicic acid. If therefore silicic acid or a Silicate 
is fused, in small fragments, with phosphate of soda and ammonia on a 
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platinura wire the bases are dissolved, whilst the silicic acid separates 
and floate about in the clear bead as a more or less translucent mass, 
exhibiting the shape of the fragment of substance used. 

§ löl. 

Recajritnlation and remarks. — Free carbonic acid is readily known by 
its reacrion with lime-water ; the carbonates are easily detected by the 
evolution of an inodorous gas, when they are treated with acids. 
When operating upon Compounds which evolve other gases besides 
carbonic acid, the gas is to oe tested with lime-water or baryta-water. 
Silicic acid, both in the free State and in Silicates, may usually be 
readily detected by the reaction with phosphate of soda and ammonia. 
It difters moreover from all other bodies in the form in which it is 
always obtained in analvses, by its insolubility in acids (except hydro- 
fluoric acid), and in Aising 1 bisulphate of potassa, and its solubility in 
boiling Solutions of alkalies and alkaline carbonates ; and from many 
bodies (especially from titanic acid) by completely volatilizing upon 
repeated evaporation in a platinum dish, with hydrofluoric acid (or 
fluoride of ammonium) and sulphuric acid. 



Second Group. 

ACID9 WHICH ARE PRECIPITATED BY NlTRATE OF SlLVER, BUT NOtf 

by Chloride of Barium : Hydrochloric Acid, Hydröbromic Acid, Hy- 
driodic Acid, Hydrocyanic Acid y Hydroferro- and Hydroferricyanic Acid, 
Hydrosidphuric Acid (Nitrous Acid, Hypochlorous Acid, Chlorous 
Acid, Hypophosphorous Acid). 

The silver Compounds corresponding to the hydrogen acids are in- 
soluble in dilute nitric acid. These acids decompose with metallic 
oxides, the metals combining with the chlorine, bromine, iodine, cyano- 
gen, or sulphur, whilst the oxygen of the metallic oxide forms water 
with the hydrogen of the acid. 

§ 152. 

a. Hydrochloric Acid (HCl). 

1. Chlorine is a heavy yellowish-green gas of a disagreeable and 
suffocating odor, which has a most injurious action upon the respiratory 
organs ; it destroys vegetable colors (litmus, indigo-blue, &c); it is not 
inflammable, and Supports the combustion of few bodies only. Minutely- 
divided antimony, tin, &c, spontaneously ignite in it, and are converted 
into chlorides. It dissolves pretty freely in water ; the chlorine water 
formed has a faint yellowish-green color, smells strongly of the gas > 
bleaches vegetable colors, is decomposed by the action of light (§ 29), 
and loses its smell when shaken with mercury, the latter being con- 
verted into a mixture of subchloride and metal. Small quantdties of 
free chlorine may be readily detected in a fluid by the red color im- 
parted to a mixture of sulphocyanide of potassium and protosalt of iron, 
or — in the absence of nitrous acid — by the blue color imparted to a mix- 
ture of starch paste and iodide of potassium (see § 154, 9). 
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2. Hydrochloric acid, at the common temperature and common 
atmospheric pressure, is a colorless gas, which forms dense fumes in the 
air, is suflbcating and very irritant, and dissolves in water with exceeding 
facility. The concentrated Solution (fuming hydrochloric acid) loses a 
large portion of its gas upon heating. 

3. The neutral metallic Chlorides are readily soluble in water, 
with the exception of chloride of lead, chloride of silver, and subchloride 
of mercury ; most of the chlorides are white or colorless. Many of them 
volatilize at a high temperature, without suffering decomposition; others 
are decomposed upon ignition, and many of them are fixed at a moderate 
red heat. 

4. Nitrate of silver produces in even highly dilute Solutions of free 
hydrochloric acidor of metallic chlorides white precipitates of chloride 
of silver (Ag Cl), which upon exposure to light change first to violet, 
then to black ; they are insoluble in dilute nitric acid, but dissolve readily 
in ammonia as well as in Cyanide of potassium, and fuse without decom- 
position when heated. (Compare § 115, 7.) 

Ö. Nitrate ofsuboxide of mtrcury and acetate of lead produce in Solu- 
tions containing free hydrochloric acid or metallic chlorides precipitates 

Of SUBCHLORIDE OF MERCURY (Hg, Cl) and CHLORIDE OF LEAD 

(Pb Cl). For the properties of these precipitates see § 116, 6, and 

* 117 > 7 - 

6. If hydrochloric acid is heated with binoxide of manganese or a 

chloride with binoxide of manganese and sulphuric acid, chlorine is 
evolved, which may be readily recognised by its odor, its yellowish- 
green color, and its bleaching action upon vegetable colors. The best 
way of testing the latter is to expose to the gas a moist slip of litmus- 
paper, or of paper colored with Solution of indigo. 

7. If a metallic chloride is triturated with Chromate of potassa y the dry 
mixture treated with concentrated sulphuric acid in a tubulated retort, and 
a gentle heat applied, a deep brownish-red gas is copiously evolved 
(chlorochromic acid, Cr O a Cl), which condenses into a fluid of the 
same color, and passes into the receiver. If this distillate is mixed with 
ammonia in excess, a yellow -colored liquid is produced, from the for- 
mation of Chromate of ammonia (Cr Cl + 2 N H 4 = N H 4 Cl + N H 4 
0, Cr O a ). Upon addition of an acid the color of the Solution changes 
to a reddish-yellow, owing to the formation of acid Chromate of am- 
monia. 

8. In the metallic chlorides insoluble in water and nitric acid the 
chlorine is detected bv fusing them with carbonate of soda and potassa, 
and treating the fused mass with water, which will dissolve, besides the 
excess of the alkaline carbonate, the chloride of the alkali metal tbrmed 
in the process. 

9. If in a bed of phosphate of soda and ammonia on a platinum wire 
oxide of copper be dissolved in the outer blowpipe flame in sufficient 
quantity to make the mass nearly opaque, a trace of a substance contain- 
ing chlorine added to it while still in iusion, and the bead then exposed 
to the reducing flame, a fine blue-colored flame, inclininff to purple, 
will be seen encircling it so long as chlorine is present (Bebzelius). 
With respect to the spectrum of chloride of copper, compare § 157. 
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§ 153. 
b. Hydrobromic Acid (H Br). 

1. Bromine is a heavy reddish-brown fluid of a very disagreeable 
chlorine-like odor ; it boils at 63°, and volatilizes rapidly even at the 
common temperature. The vapor is brownish-red. Brom ine bleaches 
vegetable colors like chlorine ; it is pretty soluble in water, but dissolves 
more readily in alcohol, and very freely in ether. The Solutions are 
yellowish-red. 

2. Hydrobromic acid gas, its aqueous Solution, and the 
metallic brom ides öfter in their general deportment a great analogy 
to the corresponding chlorides. 

3. Nitrate qfsilver produces in aqueous Solutions of hydrobromic acid 
or of bromides a yellowish-white precipitate of bromide of silver 
(Ag Br), which changes to gray upon exposure to light ; this precipitate 
is insoluble in dilute nitric acid, and somewhat sparingly soluble in 
ammonia, but dissolves with facility in Cyanide of potassium. 

4. Nitrate of protoxide of palUidium, out not protochloride of palla- 
dium, produces in neutral Solutions of metallic bromides a reddish-brown 
precipitate of protobrom ide of Palladium. In concentrated Solu- 
tions this precipitate is formed immediately ; in dilute Solutions it makes 
its appearance only after Standing some time. 

5. Nitric acid decomposes hydrobromic acid and the bromides, with 
the exception of bromide of silver and bromide of mercury, upon the 
application of heat, and liberates the bromine, by oxidizing the hydrogen 
or the metal. In the case of a Solution, the liberated bromine colors it 
yellow or yellowish-red. With bromides in the solid State or in con- 
centrated Solution, brownish-red (if diluted, brownish-yellow) vapors of 
bromine gas escape at the same time, which, if evolved in sufficient 

?uantity, condense in the cold part of the test-tube to small drops. 
n the cold, nitric acid, even the red fuming, fails to liberate the bromine 
in very dilute Solutions of bromides, nor is it liberated by Solution of 
hyponitric acid in hydrated sulphuric acid, or by hydrochloric acid and 
nitrite of potas a. 

6. Chlorine, in the gasemis State or in Solution, immediately liberates 
bromine in the Solutions of its Compounds; the fluid assuming a yel- 
lowish-red tint if the quantity of the bromine present is not too minute. 
A large excess of chlorine must be avoided, since this will cause forma- 
tion of chloride of bromine, which will destroy the color wholly or 
nearly so. This reaction is made much more delicate by addition of a 
fluid which dissolves bromine and does not mix with water, as Sulpiride 
of carbon or Chloroform. Mix the neutral or feebly acid Solution in a 
test-tube with a little of one of these fluids, sufficient to form a large 
drop at the bottom, then add dilute chlorine-water drop by drop, and 
shatce the tube. With appreciable quantities of bromine, e.g. 1 part in 
1000 parts of water, the drop at the bottom acquires a rcddish-yellow 
tint ; with very minute quantities (1 part of bromine in 30,000 parts of 
water), a pale yellow tint, which, however, is still distinctly discernible. 
Ether was tbrmerly used for this reaction ; this agent is by no mcans 
so well suited for it. A large excess of chlorine-water must be avoided 
in this experiment also, and it must always be ascertained first whether 
the chlorine-water, mixed with a large quantity of water and some 

i. o 
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sulphide of carbon or chlorofonn, and shaken, will leave these reagents 
quite uncolored. If not, the chlorine-water is not suited for the intended 
purpose. If the Solution of bromine in sulphide of carbon or chlorofonn 
(or ether) is mixed with some Solution of potassa, the mixture shaken, 
and heat applied, the yellow color disappears, and the Solution now con- 
tains bromide ofpotassium and bromate of potassa. By evaporation and 
ignition the bromate of potassa is converted into bromide of potassium, 
and the ignited mass may then be further tested as directed in 7. 

7. If oromides are heated with binoxide of manganese and hydrated 
sulphunc arid, brownish-red vapors of bromine are evolved. 
Presence of chlorides in large proportion is not favorable to the re- 
action, and requires addition of some water, and the sulphuric acid to be 
added gradually in very small quantities. If the bromine is present only 
in very minute quantity, the color of these vapors is not visible. But 
if the mixture is heated in a small retort, and the evolved vapors are 
transmitted through a long glass condenser, the color of the bromine 
vapors mav generally be seen by looking length ways through the tube, 
and the first drops of the distillate are also colored yellow. The first 
vapors and the first drops of the distillate should be received in a test- 
tube containing some starch moistened with water ; since 

8. If moistened starch is brought into contact with free bromine, 
more especially in form of vapor, yellow bromide of starch is 
formed. The coloration is not always instantaneous. The reaction is 
rendered most delicate by sealing the test-tube which contains the 
moistened starch and the first drops of the distillate from 7, and then 
cautiously inverting it, so as to cause the moist starch to occupy the 
upper part of the tube whilst the fluid occupies the bottom. The 
presence of even the slightest trace of bromine will now, in the course 
of from twelve to twenty-four hours, impart a yellow tint to the starch, 
which, however, after some time, will again disappear. The reaction 
may be called forth in a simple manner, almost with the same degree of 
delicacy, by gently heating the fluid containing free bromine, or also 
the original mixture of bromide, binoxide of manganese, and sulphuric 
acid, in a very small beakcr, covered with a watch-glass with a slip of 
paper attached to the lower side, moistened with starch puste, and 
sprinkled with starch powder. 

9. If sulphuric acid is poured over a mixture of a bromide with Chro- 
mate of potassa, and heat is then applied, a brownish-red gas is evolved, 
exactly as in the cuse of chlorides. But this gas consists of pure bro- 
mine, and therefore the fluid passing over does not turn yellow, but 
becomes colorless upon supersaturation with ammonia. 

10. If a Solution of hydrobromic acid or a bromide is mixed with a 
little chloridc of gold a straw color or dark orange color is produced from 
the formation of bromide of oold. If iodine is present it must bere- 
moved before the Solution of gold is added (Bill). 

11. In the metallic bromides which areinsoluble in water and nitric 
acid, the bromine is detected in the same way as the chlorine in the 
corresponding chlorides. 

12. If a substance containing bromine is added to kphosphate ofsoda 
and ammonia bead saturated with oxide oj copper, and the bead is then ignited 
in the inner blowpipe ilame, the flame is colored blue, inclining to 
oreen, more particularly at the edges (Berzelius). With regard to 
the spectrum of bromide of copper see § 157« 
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§154. 
e. Hydriodic Acid (HI). 

1. Iodine is a solid soft body of a peculiarly disagreeable odor. It 
is generally seen in tbe form of black, shining, crystalline scales. It 
fuses at a gentle beat; at a somewhat higher temperature it is converted 
into vapor, whicb bas a beautiful violet-blue color, and condensos upon 
cooling to a bluck Sublimate. It is very sparingly soluble in water, but 
readily in alcobol and ether, as well as in Solution of iodide of potassium. 
The aqueous Solution is light-brown, the alcoholie, etbereal, and iodide of 
potassium Solutions are deep red-brown. Iodine destroys vegetable 
colors only slowly and imperfectly ; it stains the skin brown ; with starch 
it forms a Compound of an intensely deep blue color. This Compound 
is formed invariably where iodine vapor or a Solution containing free 
iodine comes in contact with starch, Dest with starch-paste. It is de- 
composed by alkalies, by chlorine and bromine, and by sulphurous acid 
and other reducing agents. 

2. Hydriodic acid oas resembles hydrochloric and hydrobromio 
acid gas ; it dissulves copiously in water. The colorless hydrated hydri- 
odic acid turns speeclily to a reddish-brown in contact with the air, 
water being formed, and a Solution of iodine in hydriodic acid. 

3. The iodides also correspond in many respects with the Chlorides. 
Of the iodides of the heavy metals, however, many more are insoluble 
in water than is the case with the corresponding Chlorides. Many 
iodides have characteristic colors, e.g. iodide of lead, subiodide and iodide 
of mercury. 

4. Nitrate of silver produces in aqueous Solutions of hydriodic acid 
and of iodides yellowish white precipitates of iodide of silver (Ag I), 
which blacken on exposure to light ; these precipitates are insoluble in 
dilute nitric acid, and very sparingly soluble in ammonia, but dissolve 
readUy in Cyanide of potassium. 

6. Protochloride qf palladium and nitrate ofprotoxide of palladium pro- 
duce even in very dilute Solutions of hydriodic acid or metallic iodides, 
a brownish-bluck precipitate of protiodide of palladium, which 
dissolves to a triffing extent in saline Solutions (chloride of sodium, 
chloride of magnesium, &c), but is insoluble or nearly so in dilute 
cold hydrochloric and nitric acids. 

6. A Solution of 1 part of sulphate of copper and 2 J parte of sulphate 
ofprotoxide ofiron throws down from neutral aqueous Solutions of the 
iodides subiodide of copper (Cu, I), in the form of a dirty white 
precipitate. The addition of ammonia promotes the complete preeipi- 
tation of the iodine. Chlorides and bromides are not preeipitated Dy 
this reagent Instead of using the mixture of sulphates, sulphate of 
copper alone may be added, and afterwards enough sulpburous acid to 
remove the brown color produced by separated iodine. 

?. Pure nitric acid, free from nitrous acid, decomposes hydriodic acid 
or iodides only when acting upon them in its concentrated form, par- 
tdcularly when aided by the application of beat. But nitrous acid and 
hyponitric acid decompose hvdriodic acid and iodides with the ^reatest 
facility even in the most dilute Solutions. Colorless Solutions ot iodides 
thererore acquire immediately a brownish-red color upon addition of 
some red fuming nitric acid. or of a mixture of this with concentrated 
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sulphuric aeid. or better still, upon addition of a Solution of hvponitric 
aeid in bydrated sulphuric seid, or of nitrite of potassa mnd some sal- 
phuric or hydroehloric aeid. From more concentrated Solutions the 
lodine separates in tlie form of black scales, whilst nitric oxide aad 
iodine vapor escape. 

8. As tbe blue coloration of iodide of starch remains visible ii 
mueb inore hijrblv dilute Solutions tban tbe vellow color of Solution of 
iodine in water, tbe delicaey of the reaction just now de&cribed (7) if 
considerably heightened by niixin<r the fluid to be tested for iodine 
first witb sorne tbin tolerablv clear st*rck-past* % tben andingr a few 
drops of dilute Milpburic aeid, to make tbe fluid strongly aeid, and 
finally one of tbe reajrents given in 7. Of the Solution of hvponitric 
aeid in sulphuric aeid a single drop on a irlass rod suifices to produoe 
tbe reaction most distinctlv. I can tberefore streng lv recommend this 
reag-ent, which was first proposed bv Otto. Red fuming' nitric aeid 
must be added in soinewhat larger quantity, to call forth the reaction 
in its hijrhe*t iuten»ity ; this reagent tberefore is not well adapted to 
detect very miuute quantities of iodine. The reaction with nitrite of 
potassa also is very delicate. Tbe fluid to be tested is mixed with 
dilute sulphuric aeid or witb bydrocbloric aeid to distinctly aeid re- 
action, and a drop or two of a concentrated Solution of nitrite of potassa 
is tben added. In cases wbere tbe quantity of iodine present is very 
minute tbe fluid turns reddish, instead of blue. An excess of the fluid 
containiug nitrous aeid or hvponitric aeid does not materially impair 
the delicaey of the reaction. As iodide of starch dissolves in not water 
to a colorless liquid, tbe fluids must of necessity be cold; the colder 
they are tbe more delicate tbe reaction. To attain the bigbest degreeof 
delicaey, cool tbe fluid witb ice, let tbe starch deposit, and place 
the test-tube upon white paper to observe tbe reaction (compare also 

$15?). 

9. Chlorine gas and ekkrine- water decompose Compounds of iodine 
also, setting* tbe iodine free ; but if tbe chlorine is applied in excess the 
liberated iodine combines witb it to colorless chlor ide of iodine. A 
dilute Solution of tbe metallic iodide, mixed with starch-paste, acquires 
therefore upon addition of a little eblorine -water at once a blue tint, 
but becomes colorless n^rain upon addition of more chlorine-water. 
As it is tberefore diflicult not to exceed the proper limit, especially 
wbere tbe quantity of iodine present is only sinall, chlorine-water is 
not well-adapted for tbe detection of minute quantities of iodine. 

10. If a Solution containing bydriodic aeid or an iodide is mixed 
with chlaroform or svlphide of carbon, so as to leave a few drops undis- 
solved, and one of tbe agents by which iodine is liberated (a drop of a 
Solution of byponitric aeid in sulphuric aeid — bydrocbloric aeid and 
nitrite of potassa — chlorine-water, Sic.) is added, tbe mixture vigorously 
sbaken, and tben allowed to stand at rest, the Chloroform or the sulpbide 
of carbon, colored a deeper or lighter violet-red by the iodine dissolved 
in it, subsides to tbe bottom. This reaction also is exceedingly delicate. 
If a Solution containing free iodine is sbaken with petr oleum, benzol, or 
ether, tbe tw T o former are colored red, tbe ether reddish-brown or yellow. 
Iodine colors ether mueb more intensely tban an equal quantity of 
bromine. 

11. If metallic iodides are heated with concentrated sulphuric aeid, 
or witb sulphuric aeid and binoxide of manyanesc, or with sulphuric aeid 
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and Chromate of potassa, or with sesqvichloride ofiron and a little hydrochlorie 
arid, iodine separates, which may be known by the color of its vapor, 
or in the case of very minute quantities, by its action upon a slip of 
paper coated with starch-paste. 

12. The iodides which are insoluble in water and nitric acid comport 
themselves upon fusion with earbnnate of soda and potassa in the same 
manner as the corresponding chlorides. 

13. A phosphate of soda and- ammonia bcad saturated with oxide qf 
eopper, when touched with a substance containing iodine, and ignited 
in the inner blowpipe flame, imparts an intense green color to the 
flame. With retard to the spectrum of iodide of copper see § 1Ö7. 

§ löö. 
d. Hydrocyanic Acid (H Cy). 

1. Cyanooen is a colorless gas of a peculiar penetrating odor; it 
bums with a crimson flame, and is pretty soluble in water. 

2. Hydrocyanic acid is a colorless, volatile, inihmmable liquid, 
the odor of which distantly resembles that of bitter almonds ; it is 
miscible with water in all proportions ; in the pure State it speedily 
suffers decomposition. It is extremely poisonous. 

& The cyanides with alkalies and alkaline earths are soluble in 
water ; the Solutions sraell of hydrocyanic acid. They are readily 
decomposed by acids, even by carbonic acid. Cyanides of potassium 
and sodium are not decomposed by fusion if air is excluded ; when 
fused with oxides of lead, copper, antimony, tin, <fcc, they reduce 
these oxides, and are converted into cyanates. Only a few of the 
cyanides with heavy metals are soluble in water ; all of tbem are 
decomposed by ignition, the cyanides of tlie noble metals being con- 
verted into cyanogen gas and metal, the cyanides of the other heavy 
metals into nitrogen gas and metallic carbides. Many of the cyanides 
with heavy metals are not decomposed by diiute oxygen acids, and only 
with difficulty by concentrated nitric acid. By heating and evapora- 
tion with conceu träte d sulphuric acid all cyanides are decomposed; 
hydrochlorie acid decomposes a few of them ; hydrosulphuric acid 
decomposes many cyanides. 

4. The cyanides have a great tendency to combine with each other ; 
hence most of the cyanides of the heavy metals dissolve in Cyanide of 
potassium. The resulting Compounds are either : 

a. True double salts, Compounds of the second order, e.o., K Cy + 
Ni Cy. From Solutions of such double salts, acids, by decomposing the 
Cyanide of potassium, preeipitate the metallic Cyanide which was com- 
bined with it. — Or, 

b. Simple haloid salts, Compounds of the first order, in which a 
metal, e.ff. y potassium, is combined with a Compound radical consisting 
of cyanogen and another metal (iron, cobalt, manganese, chromium). 
The ferro- and the ferrieyanide of potassium, (K 8 Cy t Fe or K, Cfy and 
K, Cy § Fe, or K t Cfdy,) and cobalticyanide of potassium, (KjCy.CoJ, 
are Compounds of this kind. From Solutions of Compounds of this nature 
diiute acids do not separate metallic cyanides in the cold. If the 
potassium is replaced by hydrogen, peculiar hydrogen acids are formed 
which must not be contbunded with hydrocyanic acid. 
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picric acid must be added than is sufficient just to color the fluid lemon- 
yellow. After boiling, the red coloration often does not make its 
appearance tili the fluid has cooled and stood some time. The reaction 
is very delicate (C. D. Braun). 

9. On saturating filter paper with freshly prepared tdncture of 
guaiacum containing 3 or 4 per cent. of the resin, allowing the alcohol 
to evaporate, moistening the paper with Solution of sulphate of copper 
containing £ per cent. of the salt, and then exposing it to air, in wliich 
a trace of hydrQcyanic acid is present, it becomes blue from a Separation 
of active oxygen. 3 Cu O + 2 H Cy = Cu, Cy, Cu Cy + 2 H + 
(Pagenstecher, Schönbein). 

10. If a very dilute Solution of iodide of starch is mixed with a 
trace of hydrocyanic acid, or after addition of dilute sulphuric acid, 
with a trace o? an alkaiine Cyanide, the blue color will disappear 
immediately, or after a short time, the iodino and the hydrocyanic acid 
being transformed into iodide of cyanogen and nydriodic acid 
(Schönbein). This is a very delicate reaction, but cannot be relied 
upon without further tests, as many other substances decolorize iodide 
of starch. 

11. Neither of the above methods will serve to effect the detection 
of cyanogen in Cyanide of mercury. To detect cyanogen in that 
Compound the Solution is mixed with hydrosulphuric acid : sulphide of 
mercury precipitates, and the Solution contuins free hydrocyanic acid. 
In solid Cyanide of mercury the cyanogen is most readily detected by 
heating in a glass tube. (Compare 3.) 

Appendix. 

a. Hydroferrocyanic acid (H t Cfy). Hydroferrocyanic acid is soluble 
in water. Some of the ferrocyanides, as those containing' inetals of the 
alkalies and alkaiine earths, are soluble in water ; but the greater part 
of them are insoluble in that menstruum. All the ferrocyanides are 
decomposed by ignition ; where they are not quite anhydrous, hydro- 
cyanic acid, carbonic acid, and ammonia escape, otherwise nitrogen and 
occasionally cyanogen. In Solutions of hydroferrocyanic acid or of 
soluble ferrocyanides sesquichloride of iron produces a blue precipitate of 
ferrocyanide of iron (Fe 4 Cfy t ); sulphate of copper a brownish-red 
precipitate of ferrocyanide of copper (Cu f Cfy) ; nitrate of silver a 
white precipitate of ferrocyanide of silver (Ag f Cfy), which is 
insoluble in nitric acid and in ammonia, but dissolves in Cyanide of 
potassium. If a not too dilute Solution of an alkaiine ferrocyanide is 
mixed with hydrochloric acid, and some etiler is poured on the top of the 
mixture, hydroferrocyanic acid will separate in the crystalline 
form where the two fluids meet. Insoluble ferrocyanides are de- 
composed by boiling with Solution of soda, ferrocyanide of sodium 
being formed, and the oxides thrown down, unless they are soluble 
in soda. If ferrocyanides are heated with a mixture ot Ä part» con- 
centrated sulphuric acid, and 1 part water, tili the free acid is ex- 
pelled, they are decomposed, and the cyanogen is driven off in the 
form of hydrocyanic acid ; the metals remain bebind as sulphates. On 
projecting metallic cyanides into fusing nitrate of potassa, the cyanogen 
is converted into carbonic acid and nitrogen, and the inetals are con- 
verted into oxides, which remain in the crucible. 



200 HYDROSULPHÜRIC ACH). [§ 166. 

b. Hydroferricyanic acid (H t Cfdy). Hydroferricyanic acid and many 
of the ferricyanides are soluhle in water ; all ferricyanides are de- 
composed by ignition like the ferrocyanides. In the aqueous Solutions 
of hydroferricyanic acid and its salts sesqnichloride of iron produces no 
blue precipitate ; but sulphate of protoxide ofiron produces a blue pre- 
cipitutü of pkotoferricyanide of iron (3 Fe, Cfdy) ; snlphate of 
copper a yellowish-green precipitate of ferricyanide of copper 
(3 Cu, Cfdy), which is insoluble in hydrochloric acid ; nitrate of silver 
an orange-colored precipitate of ferricyanide of silver (3Ag\ Cfdy), 
which is insoluble in nitric acid, but dissolves readily in ammonia and 
in Cyanide of potassium. The insoluble ferricyanides are decomposed 
by boiling" with Solution of soda, the metallic oxides being thrown 
down ; in the fluid filtered off from them either ferricyanide of sodium 
alone is found, or a mixture of ferro- with ferricyanide of sodium. By 
heating» with a mixture of 3 parts concehtrated sulphuric acid, and 
1 part water, and also by Aising 1 with nitrate of potassa, the ferri- 
cyanides are decomposed like the ferrocyanides. 

§ 156. 

e. Hydrosulphüric Acid (HS). 

1. Sulphur is a solid, brittle, friable, tasteless body, insoluble in 
wnter. It occurs occasionally in the form of yellow or brownish 
crystals, or crystalline masses of a yellow or brownish color, and occa- 
sionally in that of a yellow or yellowish-white, or grayish-white powder. 
It melts at a moderate heat ; upon the application of a stronger heat it 
is converted into brownish yellow vapors, which in cold air condense to 
a yellow powder, and on the sides of the vessel to drops. Heated in 
the air it bums with bluish flame to sulphurous acid, which betrays its 
presence at once by its suffocating odor. Concentrated nitric acid, 
nitrohydrochloric acid, and a mixture of chlorate of potassa and hydro- 
chloric acid dissolve sulphur gradually, with the aid of a raoderate 
heat, and convert it into sulphuric acid; in boiling Solution of soda 
sulphur dissolves to a yellow fluid, which contains sulphide of sodium 
and hyposulphite of soda ; in cold ammonia it is insoluble, in warm 
ammonia it dissolves to a small extent. Sulphide of carbon dissolves 
the ordinary variety of sulphur with ease, but there is a kind which is 
insoluble in this menstruum. 

2. Hydrosulphüric acid, atthe common temperature, andunder 
common atmospheric pressure, is a colorlcss inflammable gas, soluble in 
water, readily recognised by its smell of rotten eggs ; it transiently im- 
parts a red tmt to litmus-paper. 

3. Of the sulphides only those with alkalies and alkaline earths 
are soluble in water. These, as well as the sulphides of iron, manganese, 
and zinc, are decomposed by dilute mineral acids, with evolution of 
hydrosulphüric acid gas, which may be readily detected by its smell, and 
by its action upon Solution of lead (see 4). The decomposition of higher 
sulphides is attended also with Separation of sulphur in a finely-divided 
State ; the white precipitate may oe readily distinguished from similar 
precipitates by its deportment on heatin?. Part of the sulphides of the 
metals of the fifth and sixth groups are decomposed by concentrated and 
boiling 1 hydrochloric acid, with evolution of hydrosulphüric acid fräs» 
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whilst others nre not dissolved by hydrochloric acid, but by concentrated 
and boiling nitric acid. The Compounds of sulphur with mercury, gold, 
and platinum, resist the action of ooth acids, but dissolve in nitrohydro- 
chloric acid. Upon the Solution of sulphides in nitric acid, and in 
nitrohydrochloric acid, sulphuric acid is formod, and in most cases sul- 
phur is also separated. Many metallic sulphides, more especially those 
of a higher degree of sulphuration, give a Sublimate of sulphur when 
heated in a tube sealed at one end. All sulphides are decomposed by 
fusion with nitrate ofpotassa and carbonate of soda; on extracting the 
fusion with water the sulphur is found in Solution as alkaline sulphate. 

4. If hydrosulphuric acid, in the gaseous State or in Solution, is 
brought into contact with nitrate of silver or acetate of lead, black precipi- 
tates of sulphide of silver or sulphide of lead are formed. In 
cases therefore where the odor fails to affbrd sufficient proof of the pre- 
sence of hydrosulphuric acid, these reagents will remove all doubt. If 
the hydrosulphuric acid is present in the gaseous form the air suspected 
to contain it is tested by placing in it a small slip of paper moistened 
with Solution of acetate of lead and a little ammonia; if the gas is present 
the slip becomes covered with a brownish-black shining film of sulphide 
of lead. To detect a trace of an alkaline sulphide in presence of a free 
alkali or an alkaline carbonate, the best way is to mix the fluid with a 
Solution of oxide of lead in soda, which is prepared by mixing Solution of 
acetate of lead with Solution of soda until the precipitate which forms at 
tirst is redissolved. 

Ö. If a fluid containinff hydrosulphuric acid or an alkaline sulphide is 
mixed with Solution of soda, then with nitroprusside of sodium* it acquires 
a fine reddish-violet tint. The reaction is very delicate ; but that with 
Solution of oxide of lead in soda is still more sensitive. 

6. If metallic sulphides are exposed to the oxidizing flame of the 
blowpipe, the sulphur burns with a blue flame, emitting at the same time 
the well-known odor of sulphurous acid. If a metallic sulphide is heated 
in a glass tube open at both ends, in the upper part of which a slip of 
blue litmus-paper is inserted, and the tube is held in a slanting position 
during the Operation, the escaping sulphurous acid reddens the litmus- 
paper. 

7. If a finely-pulverized metallic sulphide is boiled in a porcelain dish 
with Solution of potassa, and the mixture heated to incipient tusion of 
the hydratc of potassa, or if the test specimen is fused in a platinum 
spoon with hydrate of potassa, and the mass is, in either case, dissolved 
in a little water, a piece of bright silver (a polished coin) put into the 
Solution, and the fluid warmed, a brownish-black film of Sulpiride of silver 
forms on the metal. This film may be removed afterwards by rubbing 
the metal with leather and quicklime (v. Kobell). 

8. If the powder of a sulphide which hydrochloric acid will not, or 
only with difliculty, decompose is mixed in a sniall cylinder, or in a wide- 
necked flask, with an equal volume of finely-divided iron free from sulphur 
(ferrum alcoholisatum), and some moderately dilute hydrochloric acid 
(1 volume of concentrated acid to 1 volume of water) is poured over 
the mixture, in a layer a few lines thick, hydrosulphuric acid escapes along 
with the hydrogen. This may be easily detected by placing a slip of 

* Nitropruflside of sodium being a reagent which can very well be diapensed with, 
I bare omitted giring it a place among the reageuta. 
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paper moistened with Solution of acetate of lead, and dried again, under 
the cork, so that the bottom is covered by it, the ends of the slip pro- 
jecting on both sides, and then loosely inserting the cork into the mouth 
of the flask. Realgar, orpiment, and molybaenite do not show this 
reaction (v. Kobell). 

§ 157. 

Recapitulation and remarks. — Most of the acids of the first group are 
also precipitated by ni träte of silver, but the precipitates cannot well be 
confounded with the silver Compounds of the acids of the second gTOup, 
since the former are soluble in dilute nitric acid, whilst the latter are 
insoluble in that menstruum. The presence of hydrosulphuric acid 
interferes more or less with the testing for the other acids of the second 
group ; this acid must therefore, if present, be removed first before the 
testing for the other acids can be proceeded with. The removal of the 
hydrosulphuric acid, when present in the free State, may be effected by 
simple ebullition ; and when present in the form of an alkaline sulphide, 
by the addition of a metallic salt, such as will not precipitate anv of the 
other acids, or at least will not precipitate them from acid Solutions. 
Hydriodic and hydrucyanic acids may be detected, even in presence of 
hydrochloric or hydrobromic acid, by the equally characteristic and deli- 
cate reactions with starch or sulphide or carbon (with addition of a fluid 
containin<r nitrous acid), and with Solution of protosesquioxide of iron. 
But the detection of chlorine and bromine is more or less difficult in 

Jresence of iodine and cyanogen. These latter must therefore, if present, 
e removed first before the proper teste for chlorine and bromine can 
be applied. The Separation of the cyanogen may be readily effected by 
Converting the whole of the radicals present into salts of silver, and 
ignitimr: the Cyanide of silver is decomposed in this process, whilst the 
Chloride, bromide, and iodide of silver remain unaltered. Upon fusing 
the ignited residue with carbonate of soda and potassa, and boiling the 
fused mass with water, chloride, bromide, and iodide of the alkali metals 
are obtained in Solution. The fused silver Compounds may also be 
readily decomposed with zinc; all that is required for this purpose is to 
pour water over them, to add a little sulphuric acid and a fragment of 
zinc, to let the mixture stand some time, and finally to filter the Solu- 
tion of chloride, bromide, or iodide of zinc from the separated metallic 
silver. 

The iodine may be separated from the chlorine and bromine, by treat- 
ing the silver Compounds with ammonia, but more accurately by pre- 
cipitating the iodine as subiodide of copper. From bromine iodine is 
separated most accurately by protochloride of palladium, which only 
precipitates the iodine; from chlorine it is separated by nitrate of prot- 
oxide of palladium. 

Bromine in presence of iodine and chlorine may be identified by the 
fbllowing simple Operation : Mix the fluid with a few drops of dilute 
sulphuric acid. then with some starch-paste, and add a little red fuming 
nitric acid or, better still, a Solution of nyponitric acid in sulphuric acid, 
whereupon the iodine reaction will show itself immediately. Add now 
chlorine-water drop by drop until that reaction has disappeared ; then 
add some more chlonne-water to set the bromine also free, which may 
dien be separated and identified by means of Chloroform or sulphide of 
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carbon. Or the iodine, after being liberated in a highly dilute fluid 
may be also taken up with Chloroform or sulphide of carbon, the 
aqueous fluid may then be filtered through a moist filter, and the 
bromine detected in the filtrate by means of Chloroform or sulphide of 
carbon and chlorine-water. For the latter process you may Sub- 
stitute the following : immediately after the liberation of the iodine 
cautiously add chlorine-water, when the violet-red coloration will 
graduallv fade away, and give place to the brownish-red color indi- 
cative of bromine. 

The detection of chlorides in presence of bromides and iodides is best 
effected by precipitating with nitrate of silver, washing the precipitate, 
digesting it with a mixture of 1 part ammonia and 3 parts water, filter- 
ing off the iodide of silver, precipitating the iiltrate with nitric acid, 
washing the precipitate (which contains chloride and bromide of silver 
with a trace of iodide), drying it, fusing with carbonate of soda, extract- 
ing the fusion with water, neutralizing the Solution with sulphuric acid 
(the reaction may be somewhat alkaline), evaporating to dryness, fusing 
the residue with bichromate of potassa, and treating the fusion accord- 
ing to § 152, 7. The presence of much iodine interferes with the re- 
action, therefore it is directed to be removed. 

As regards the iodide of starch reaction, it must be noted that salts 
(alurn, alkaline sulphates, sulphate of magnesia, &c), diminish its deli- 
cacy. Also as regards this and the sulphide of carbon reaction, that 
when hyponitric acid is used to liberate the iodine, the presence of sul- 
phocyanides may occasion mistakes (Nadler), since a reddish color 
may occur in the absence of iodine from formation of pseudosulpho- 
cyanogen. By shaking with sulphide of carbon the coloring substance 
is for the xnost part taken up. 

Besides the above mentioned agents for liberating iodine many others 
have been proposed, and may be employed ; thus, for instance, iodic 
acid or alkahne iodate and hydrochloric acid (v. Liebig); sesquichloride 
of iron and sulphuric acid, or bichloride of platinum, with addition of 
some hydrochloric acid (Hempel); permanganate of potassa in slightly 
acidified Solution (Henry), &c. With respect to these agents I nave 
to observe that iodic acid must be used with the greatest caution, as a, 
in presence of reducing substances iodine is set free from the reagent, 
and b, an excess of iodic acid will at once put an end to the reaction. 
Sesquichloride of iron, with addition of sulphuric acid, will not act 
immediately upon very dilute Solutions; but after a time the reaction will 
make its appearance, revealing the presence of even the minutest trace 
of iodine ; the delicacy of the reaction is not materially impaired by an 
excess of the reagent. Sesquichloride of iron may be used with 
advantage when iodine is to be liberated in the gaseous State, which 
should be done in the presence of sulphocyanides. The fluid is then 
heated nearly to boiling, and the escaping fumes are made to act on 
Daper smeared with fresh starch paste. Permanganate of potassa acta 
immediately, even in the most dilute Solutions. However, as a fluid 
oolored by minute traces of iodide of starch is also apt to look reddish, 
the coloration imparted by the permanganic acid alone may lead to mis- 
takes in the iodide of starch test. From six to twelve nours should 
therefore always be allowed to elapse before judging of the actual nature 
of the coloration. The modus operandi may of course be modified in 
various ways to increase the delicacy of the starch reaction \ interesting 
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from thls by shaking with sulphide of carbon. It will be evident that this reaction is 
due to hyponitric acid and not to nitrous acid, hence it may be used to distinguisb 
betweeo the two. 

2. Hypochlobous Acid (CIO). 

Hypochlorous acid, at the common temperature, is a deep yellowish-green gas of a 
disagreeable irritating odor, similar to that of chlorine. It dissolves in water ; the 
dilute aqueous Solution bears distillation. The hypochlorites are usually found in Com- 
bi nation with tnetallic cbloridea, as is tue case, for instance, in Chloride of lime, eau de 
Javrlle, &c. The Solutions of hypochlorites undergo a Iteration by boiling, the hypo- 
chlorite being resolved into chloride of the metal and chlorate of the oxide, attended, 
in the case of concentrated, but not in that of dilute Solutions, with evolution of oxygen. 
If a Solution of chloride of lime is mixed with hydrochloric acid or sulphuric acid, chlo- 
rine is disengaged, whilst addition of a little nitric acid leads to the liberation of hypo- 
chlorous acid. Nitrate of silvtr throws down from Solution of chloride of lime chloride 
of silver [the hypochlorite of silver, which forme at first, is speedily resolved into 
chloride of silver and chlorate of silver: 3 (AgO, ClO)=*Ag 0, CIO, + 2 AgCl] : 
nitrate of lead produces a precipitate which from its original white changes gradually 
to orange-red, and ultimatelv, owing to formation of binoxide, to brown ; »alt» of 
frotoxide of manganrse give brown- black precipitates of hydrate of binoxide of man- 
ganese. Solution of permauganate of potassa is not decolorized. Solutions of litmus 
and indigo are decolorized even by the alkaline Solutions of hypochlorites, but still 
more rapid ly and completely upon addition of an acid. If a Solution of arsenious acid 
in hydrochloric acid is colored blue *ith Solution of indigo, and a Solution of chloride 
of lime is added, with active stirring, the decoloration will take place only after the 
whole of the arsenious acid has been converted into arsenic acid. 

3. Chlorous Acid (C10 3 ). 

Chloroua acid is a yellowish-green gas of a peculiar and very disagretoable odor ; it is 
soluble in water. The Solution has an intensely yellow color, even whenhighly dilute. 
Most of the chlorites are soluble in water; the Solutions readily suffer decomposition, 
the chlorites being resolved into Chlorides and chlorates. Nitrate of silver precipitates 
white chlorite of silver, which is soluble in much water. A Solution of permanganate 
of potassa is immediately decomposed, and a brown precipitate separates after some 
tiiue. Tincture of litmus and Solution of indigo are instantly decolorized, even if 
mixed with arseniouB acid in excess. If a slightly aeidified dilute Solution of a sali of 
protoxide of iron is mixed with a dilute Solution of chlorous acid, the fluid transiently 
acquires an amethyst tint, and assumes only after the lapse of a few seconds the yel- 
lowish coloration of salts of sesquioxide of iron (Lenssbn). 

4. Hypophosphorous Acid (PO). 

The concentrated Solution of hypophosphorous acid is of syrupy consistence, and re- 
8eml>les that of phosphorous acid (see § 148), with which it also has this in common, 
that it is resolved by heating, with exclusion of air, into hydrate of phosphoric acid 
and not ppo'.itaneously inflammable phosphuretted hydrogen gas. Almost all hypo- 
phosphite* are soluble in water ; by ignition allof them are resolved into phosphate and 
phosphuretted hydrogen, which in most cases is spontaneously inflann nable. Chloride 
ofbarium, chloride of calcium, and acetate of lead fail to precipitate Solutions of hypo- 
phoaphites (difference from phoHphorous acid). Nitrate of silver gives with hy pophos- 
phites at first a white precipitate of hypophosphite of silver, which turns black even 
at the common temperature, but more rapidly on heating, the change of color being 
attended with Separation of metallic silver. From chloride of mercurg in excess hypo- 
phosphorous acid precipitates, slowly in the cold, more rapidly ou heating, subchloride 
of mercury. With zinc and dilute sulphuric acid hypophosphorous acid gives hydrogen 
mixed with phosphuretted hydrogen. (Compare § 148, l'hosphorous Acid). 
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Third Group. 

ACIDS WHICH ARE NOT PRECIPITATED BY SaLTS OF BaRYTA NOR BY 

Salts of Silver: Nitric Acid, Chlarie Acid (Perchloric Acid). 

§ 159. 
a. Nitric Acid (N § ). 

1. Anhydrous nitric acid crystallizes in six-sided prisms. It 
fuses at 29*5°, and boils at about 4ö° (Deville). The pure hydrate 
is a colorless exceedingly corrosive fluid, which emits fumes in the air, 
exercises a rapidly destructive action upon org-anic substances, and 
colors nitrogenous matter intensely yellow. Hydrate of nitric acid 
containin? hyponitric acid has a red color. 

2. All the neutral salts of nitric acid are soluble in water ; only 
some of the basic nitrates are insoluble. All ni träte s undergo decom- 
position at an intense red heat. Those with alkaline bases at first 
yield oxygen, and change to nitrites, afterwards they yield oxygen and 
iatrogen. Those with other bases yield oxygen and nitrous or hypo- 
nitric acid. 

3. If a nitrate is thrown upon red-hot charcoal 9 or if cbarcoal or 
some organic substance, paper for mstance, is brought into contact 
with a nitrate in fusion Deflagration takes place, i.e., the charcoal 
burns at the expense of the oxygen of the nitric acid, with vivid 
sein tili ation. 

4. If a mixture of a nitrate with Cyanide ofpotassium in powder is 
heated in small quantity on platinum foil, a vivid Deflagration 
ensues, attended with distinet ienition and detonation. Even very 
minute quantities of nitrates may oe detected by this reaction. 

6. If a nitrate is mixed with" copper ßlings, and the mixture heated 
in a test-tube with concentrated sulphuric acid, the air in the tube 
acquires a yellowish-red tint, owing to the nitric oxide, which is 
liberated upon the oxidation of the copper by the nitric acid combining 
with the oxygen of the air to hyponitric acia. The coloration may be 
observed most distinctly by lookin g lengthways through the tube. 

6. If the Solution of a nitrate is mixed with an equal volume of con- 
centrated sulphuric acid. free from nitric and hyponitric acid, the mix- 
ture allowed to cool, and a concentrated Solution of sulphate of protoxidc 
of iron then cautiously added to it so that the fluids do not mix, the 
junetion shows at first a purple, afterwards a brown color, or, in cases 
where only a very minute quantity of nitric acid is present, a reddish 
color. On mixing the fluids a brownish purple-red clear fluid is 
obtained. In this process the nitric acid is decomposed by the prot- 
oxide of iron, three-fil'ths of its oxygen combining with the protoxide 
and Converting a portion of it into sesquioxide, whilst the remaining 
nitric oxide combines with the remaining un decomposed salt of prot- 
oxide of iron, and forms with it a peculiar Compound, which dissolves 
in water to a browriish-black color. A similar reaction is observed in 
presence of selenious acid; but on mixing the fluid, and letting it 
stand, red selenium separates (Wittstock). 

7. If some hydrochloric acid is boiled in a test-tube, one or two 
drops of very dilute Solution of sulphate ofindigo added, and the mixture 
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boiled again, the fluid remains blue (provided the hydrochloric acid 
was free from chlorine). If a nitrate, solid or in Solution, is now added 
to the faint light-blue fluid, and the mixture heated again to boiling, the 
color disappears owing to the decomposition of the indigo blue. This 
is a most aelicate reaction. It must be borne in mind, nowever, that 
several other substances also cause decoloration of Solution of indigo — 
free chlorine more particularly produces this effect. 

8. If a little brucia is dissolved in concentrated sulphuric acid, and 
a smnll quantity of a fluid containing nitric acid added to the Solution, 
the latter immediately acquires a magnificent red color. This reaction 
is extraordinarily delicate. The color soon passes into reddish-yellow. 
Chloric acid gives the same reaction. 

0. Dissolve 1 part of carbolic acid in 4 parts of strong sulphuric 
acid, and add 2 parts of water. A drop or two of this fluid added to 
a solid nitrate (e.g. y to tne residue obtained by evaporating a few drops 
of well-water containing nitrates) gives a reddish-brown color, from 
the formation of a nitro-compound. On addition of a drop or two of 
strong ammonia, this color turns yellow, sometimes passing through a 
green shade. A very delicate reaction (H. Sprengel). 

10. Very minute quantities of nitric acid may be detected also by 
reducing the nitric acid first to nitrous acid, which may be effected both 
in the moist and in the dry way ; in the former by heating the Solu- 
tion of the nitric acid or of the nitrate for some time with finely- 
divided zinc, best with zinc amalgara, and then filtering (Schönbein); 
in the dry way by fusing the substance with carbonate of soda at a 
moderate heat, extracting the mass, after cooling, with water, and 
filtering. Upon adding either of the filtrates to a Solution of iodide 
of potassium mixed with starch-paste and dilute sulphuric acid, the 
fluid acquires a blue color from iodide of starch (comp. § 158, 1). 

§ 160. 
b. Chloric Acid (Cl O t ). 

1. Chloric acid, in its most highly concentrated Solution, is acolor- 
less or slightly yellowish oily fluid ; its odor resembles that of nitric acid. 
It first reddens litmus, then bleaches it Dilute chloric acid is coloriess 
and inodorous. 

2. All chlorates are soluble in water. When chlorates are 
heated to redness, the whole of their oxygen escapes and metallic 
chlorides remain. 

3. Heated with charcoal or some organic substance. the chlorates 
deflagrate, and this with far greater violence than the nitrates. 

4. If a mixture of a chlorate with Cyanide of potassium is heated qp 
platdnum foil, Deflagration takes place, attended with strong deto- 
nation and ignition, even though the chlorate be present only in 
very smnll quantity. This experiment should be made with minute 
quantities only. 

5. If the Solution of a chlorate is colored light blue with Solution of 
indigo, a little dilute sulphuric acid added, and a Solution of sulphite of 
soda dropped cautiously into the blue fluid, the color of the indigo 
disappears immediately. The cause of this equally characteristic and 
4elicate reaction is, that the sulphurous acid deprives the chloric acid 
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of its oxygen, thus setting free chlorine or a lower oxide of it, which 
then decolorizes the indigo. 

6. H chlorates are heated with raoderately dilute hydroMorio acid the 
constituents of the two acids trauspose, forming water, chlorine, and 
2 Cl 5 , Cl O a . The test-tube in which the experiment is made becomes 
filled in this process with a greenish-yellow gas of a very disagreeable 
odor, resembling that of chlorine ; the hydrochloric acid acquires a 
greenish-yellow color. If the hydrochloric acid is colored blue with 
mdigo Solution, the presence of very minute quantities of chlorates 
will suffice to destroy the indigo color at once. 

7. If a little chlorate is added to a few drops of concentrated sulphurie 
acid in a watch-glass, two-thirds of the metallic oxide are converted 
into sulphate, and the remaining one-third into perchlorate ; this con- 
version is attended with liberation of chlorochloric acid, which imparts 
an intensely yellow tint to the sulphurie acid, and betrays its pre- 
sence also by its odor and the greenish color of the evolved gas 
'3 (K 0, Cl 0.) + 4(H 0, S 0.) = 2 (KO, H 0, 2 S S ) + K 0, Cl 7 + 

Cl 5 , Cl 0,) + 2H 0], The application of heat must be avoided in 
this experiment, and the quantities operated upon should be very small, 
since otherwise the decomposition might take place with such violence 
as to cause an explosion. 

8. Chloric acid shows the same deportment as nitric acid towards 
brucia dissolved in concentrated sulphurie acid (Luck). Compare 
§ 159, 8. 

§ 161. 

Becapitulation and remarhs. — Of the reactions which have been given 
to effect the detection of nitric acid, those with sulphate of protoxide of 
iron and sulphurie acid, with copper filings and sulphurie acid, with 
carbolic acid, and also those based upon the reduetion to nitrites, give 
the most positive results ; with regard to deflagration with charcoal, 
detonation with Cyanide of potassium, decoloration of Solution of 
indigo and coloration with brucia, we have seen that these reactions 
belong equally to chlorates as to nitrates, and are consequently 
decisive only where no chloric acid is present. The presence of free 
nitric acid in a fluid may be detected by evaporating in a porcelain 
dish on the water-bath to dryness, having first thrown in a few quill- 
cuttings : yellow coloration of these indicates the presence of nitric 
acid (Runge). The best way to ascertain whether chloric acid is 
present or not (in the absence of other oxygen Compounds of chlorine) 
is to ignite the substance, with addition of carbonate of soda, dissolve 
the mass, and test the Solution with nitrate of silver. If a chlorate is 
present, this is converted into a chloride upon ignition, and nitrate of 
silver will now produce a preeipitate of chloride of silver. However, the 

frocess is thus simple onlv if no chloride is present with the chlorate. 
n presence of a chloride, the chlorine must be removed first by 
adding nitrate of silver to the Solution as long as a preeipitate continues 
•to form, and filtering; the fil träte is then, after addition of pure car- 
bonate of soda, evaporated and ignited. It is, however, generally 
unnecessary to pursue this cireuitous way, since the reactions with 
concentrated sulphurie acid, and with indigo and sulphurous acid, are 
sufficiently marked and characteristic to ufford positive proof of the 
presence of chloric acid, even in presence of nitrates. — The best way of 
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detecting nitric acid in presence of a large proportion of chloric acid is 
to mix tlie substance with carbonate of soda in excess, evaporate, 
ignite tlie residue gently, but sufficiently long to convert the chlorate 
into chloride, and then test the residue for nitric acid, or for nitrous 
acid. 

§ 162. 

PsRCHLORic Acid (Cl T ). 

Pure anhydrous perchloric acid is a colorless, mobile fluid, which forma dense 
white fuuies in the air, und explodes with great violrnce when dropped on wood- 
charcoal (Roöcok). The h)drate crystallizes in needles ; tlie concentrated aqueous 
Solution is oily and heavy. The dilute Solution gives by distillation tirst wnter, then 
dilute acid, and finally concentrated acid. All Perchlorates are soluble in water, most 
of thern freely. They are all decom|K>sed by iguition, those with alkaline baaesleaving 
Chlorides behind, with disengagement of oxygen. Salt* of potatsa produce in not too 
dilute Solutions a white cry st alline precipitate of Perchlorate of potas*a (KO, Cl 7 ), 
wbich is sparingly soluble in water, in soluble in spirit of wine. Baryta taltt and 
tilxtr saltg are not ptecipitated. Conctntrated sulphuric acid fails to decompose per- 
chloric acid in the colti, and decomposes it with difficulty on heating (difference from 
chloric acid). Hydrochloric acid, nitric aciH, and sulphurous acid fail to decompose 
aqueous soluiions of perchloric acid or Perchlorates ; Solution of indigo, therefore, pre- 
viuusly added to it, is not decolorized (difference from all other acids of chlorine). 

II. Orqanic Acids. 

First Grovp. 

The hydrates of the acids of the First Group are decom- 
posed entirely ok partially by iünition.* tlie acids are 
decomposed by boiling with concentrated nltric acid.f 
their llme öalts aue insoluble or difficültl1 solüble 
•in Water. Tue Solutions of their neutral Alkali Öalts 
are not precipitated by Sesquichloride of Iron : Oxalic Acid, 
Tartaric Acid (Raceinic Acid), Citrie Arid, Malic Acid, 

§163. 
a. Oxalic Acid. 

For the reactions of oxalic acid I refer to § 145. 

b. Tartaric Acid (2 H 0, C, H 4 i0 ). 

1. The hydrate of tartaric acid forms coloi-less crystals of an 
agreeable acid taste, which are persistent in the air, ana soluble in 
water and in spirit of wine. Heated to 100°, tartaric acid loses no 
water; heated to 170°, it fuses; at a higher temperature it becomes 
carbonized, emitting during the process a very peculiar and highly 
churacteristic odor, which resembles that of burnt sugar. Aqueous 
Solution of tartaric acid, as also of almost all tartrates, turns the plane 
of polarizution of lig-ht towards the right. By heating with nitric acid 
tartaric acid is converted into oxalic, acetic, and snecharic acids. 

2. The tartrates with alknline base are soluble in water, and so 
are thcse with the metallic oxides of the third and fourth groups. 
Evaporated on the water- bath to syrupy consistence, the Solution of 
tartrate of sesquioxide of iron deposits a pulverulent basic salt. Those 

* Hythate of oxalic acid, when cautbusly heated, partially sublimes un altered. 
t The decomposition of oxalic acid by boiling nitric acid into carbuuic acid and 
water is but slow. 

I. P 
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of the tartrates which are insoluble in water dissolve in hvdrochloric or 
nitric acid. The tartrates sufter decomposition when heated to redness ; 
charcoal separates, and the same peculiar odor is euiitted as attends the 
carbonizntion of free tartaric acid. 

3. If to a Solution of tartaric acid, or to that of an alkaline tartrate, 
Solution of sesqvioxide of irvn or aluminn is added in not too large pro- 
portion, and then ammonia or potassa, no precipitation of sesquioxide 
of iron or alumina will ensue, since the double tartrates foruied are not 
decomposed by alkalies. Tartaric acid prevents also the precipitation 
«f several other oxides by alkalies. 

4. Free tartaric acid produces with salts of potassa, and more par- 
ticularly with the acetate, a sparingly soluble precipitate of bi tar- 
trate of potassa. A similar precipitate is formea when acetate of 
potassa and free acetic acid are added to the Solution of a neutral 
tartrate. The acid tartrate of potassa dissolves reudily in alkalies and 
mineral acids ; tartaric acid and acetic acid do not iucrease its solubility 
in water. The Separation of the bitartrate of potassa precipitate is 
greatly promoted ov shaking, or by rubbing the sides of the vessel 
with a glass rod. 'fhe delicacy of the reaction may be heightened by 
concentratin^ the Solution of the tartaric acid. Addition of an equal 
yoluine of alcohol heightens the delicacy of the reaction. In the 
presence of boracic acid fluoride of potassium must be used instead of 
acetate of potassa, this forms borofluoride of potassium, and prevents 
the production of the soluble Compound of boracic acid, tartaric acid, 
and potassa (Barfoed). 

5. Chtoride of calcium added in excess* throws down from Solutions 
of neutral tartrates a white precipitate of tartrate of lime 

!2 Ca 0, C 8 H 4 O 10 + 8 aq.). Presence of ammoniacal salts retards the 
örination of this precipitate for a more or less considerable Space of 
tiuie. Agitation of the fluid or friction on the sides of the vessel 
promotes the Separation of the precipitate. The precipitate is crys- 
talline, or invariably becomes so after some time ; it dissolves in a cold 
not over dilute Solution of potassa or soda, pretty free from carbonic 
acid, to a clear fluid. But upon boiling this Solution, the dissolved 
tartrate of lime separates again in the form of a gelatinous precipitate, 
which redist olves upon cooling. 

6. Lime-irater added in excess* produces in Solutions of neutral tar- 
trates — and also in a Solution of free tartaric acid if added to alkaline 
reaction — white precipitates which, flocculent at first, assume afterwards 
a crystalline form ; so long as they reinain flocculent they are readily 
dissolved by tartaric acid as well as by Solution of chloride of ammonium. 
From these Solutions the tartrate of lime separates again, after the lapse 
of several hours, in the form of small crystals deposited upon the sides 
of the vessel. 

7. Solution of sulphate of lime added in excess* fails to produce a 
proripitiite in a Solution of tartaric acid ; in Solutions of neutral tartrates 
of the alkalies, it produces a trifling precipitate after the lapse of some 
time. 

8. If Solution of ammonia is poured upon even a very minute quantity 
of tartrate oi lime, a small fragment of crystallized nitrate of silver 

* Tartrate of potassa or soda dissolTes tartrate of lime (as well as certain other 
salts insoluble in waler, such an phosphate of lime, «ulphnte of baryta, fcc.). Heooe 
the alkaline tartrate must be fully decomposed bj the reagent. 
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added, and the mixture slowly and gradually heated, the sides of the 
test-tube are covered with a bricht coating of metallic silver. If, in- 
8tead of a crystal, Solution of nitrate of silver be used, or heat be applied 
more rapidly, the reduced silver will separate in a pulverulent form 
(Arthur Casselmann). 

9. Acctate of lead produces white precipitates in Solutions of tartaric 
acid and its salts. Tue washed precipitate (2 Pb 0, C 8 H 4 ) dissolves 
readily in nitric acid and in ammonia free frorn carbonic acid. 

10. Nitrate of siloer does not precipitate free tartaric acid; but in 
Solutions of neutral tartrates it produces a white precipitate of tar- 
trate of silver (2 Ag 0, C 8 H 4 O l0 ), which dissolves readily in nitric 
acid and in ammonia ; upon boiling it turns black, owing to reduction of 
the silver. 

11. Upon heating hydrated tartaric acid or a tartrate with Hydrate 
ofsulphufic acid, the latter acquiresa brown color almost simultaneously 
with the evolution of gas. 

§164. 

c. Citric Acid (3 H 0, C 1S H S U ). 

1. Crystallized citric acid, obtained by the cooling of its Solu- 
tion, has the formula 3 H 0, C lt H, O u + 2 aa. It crystallizes in pellucid 
colorless and inodorous crystals of an agreeaole strongly acid taste, which 
dissolve readily in water and in spirit of wine, and effloresce slowly in 
the air. Heated to 100° the crystallized acid loses its water of crys- 
tallization ; when subjected to the action of a stronger heat, it fuses at 
first, and afterwards carbonizes, with evolution of pungent acid fumes, 
the odor of which may be readily distinguished from tbat emitted by 
tartaric acid upon earbonization. By heating with a little nitric acid, 
citric acid gives oxalic and acetic acids, with much nitric acid it gives 
acetic acid onlv. 

2. The citrates with alkaline base are readily soluble in water, 
as well in the neutral as in the acid State ; Solution of citric acid there- 
fore is not precipitated by acetate of potassa. The Compounds of citric 
acid with such of the metallic oxides as are weak bases, sesquioxide of 
iron, for instance, are also freely soluble in water. Evaporated on the 
water-bath to syrupy consistence the Solution of citrate of sesquioxide 
of iron deposits no solid salt. Citrates, like tartrates, and for the same 
reason, prevent the precipitation of sesquioxide of iron, alumina, &c, by 
alkalies. 

3. Chloride of calcium fails to produce a precipitate in Solution of free 
citric acid,even upon boiling; but a precipitate of neutral citrate of 
lime (3 Ca O, C i2 r\ h O u + 4 aq.) forms immediately upon saturating with 
potassa or soda the concentrated Solution of citric acid, mixed with 
chloride of calcium in excess.* The precipitate is insoluble in potassa, 
but dissolves freely in Solution of chloride of ammonium ; upon boiling 
this chloride of ammonium Solution, neutral citrate of lime of the same 
composition separates again in the form of a white crystalline precipitate, 
which however is now no longer noluble in chloride of ammonium. If 
a Solution of citric acid mixed with excess of chloride of calcium* is 
saturated with ammonia, a precipitate will form in the cold only after 

* Alkaline citrates are aetual solvent« for many Compounds insoluble in water 
(snlphate of baryta, phosphnte of lime, Oxalate of lime, &c.). Hence the alkaline 
citrate must be fully decomposed by the reagent. 

p2 



212 MALIC ACID. [§ 165. 

many houre* standing; but upon boiling tho clear fluid, neutral citrate of 
lime of tbe properties just stated will suddenlv precipitate. By heating 
citrate of lime witb amraonia and nitrate of silver tbe latter salt is not 
reduced, or only to a triüiwg- exten t. 

4. Lime-wuter added in excess* produces no precipitate in cold Solu- 
tions of citric acid or of citrates. But upon boiling some time witb a 
tolerable excess of bot prepared liuie-water, a wbite precipitate ol 
citrate of lime is formeü, of whicb tbe greater portion redissolvcs 
lipon cooling. 

5. Acetate of baryta added in excess to a Solution of an alkaline citrat3 
wbether bot or cold, producet an amorpbous precipitate of tbe formubi 
3BaO, C lt H 4 O n + 7 aq. Baryta water added in excess to citric acid 
produces tbe same precipitate. Tbe precipitate does not make its ap- 
pearance in dilute Solutions, because it is not insoluhle in water, but il 
such Solutions are hf-ated, a precipitate separates whicb is first amorpbous 
and soon turns to microscopic needies of tbe formula 3 BaO, C IX H g O n + 
5 aq. On heating tbis or tbe amorpbous sah witb excess of acetate of 
baryta for two bours on tbe water-oatb, anotber very characteristic salt 
is formed. Tbe latter consists of well-formed clinorbombic prisms, and 
has the formula 2 (3 Ba 0, C ia II 4 O n ) + 7 aq. If tbe Solution is very 
dilute tbe salt does not form tili after evaporation. Tbis is an infallible 
reaction for citric acid (H. Kämmkrer). From experiments made in 
my laboratory it appears that the addition of a drop of acetic acid ma- 
terially assists the transition to the characteristic salt. 

6. Acetate oflead added in excess to a Solution of citric acid produces 
a white amorpbous precipitate of citrate of lead, whicb after wash- 
ingisreadily soluble in ammonia free from carbonic acid. By digestion 
for several bours witb water or acetic acid on a water-bath, the precipitate 
becomes crystalline, and tben has the formula 3 Pb 0, C M H Ä O n + 3 aq. 
The microscope does not reveal the presence of well-formed crystals. 

7. Nitrate of silver produces in Solutions of neutral citrates of the 
alkalies a white flocculent precipitate of citrate of silver (3 Ag 0, 
C„H, O n ). On boiling a rather large quantity of tbis precipitate witb 
a little water a gradual decomposition sets in witb Separation of silver. 

8. Upou heating citric acid or citrates with concentrated sulphuric 
acid, carbonic oxide and carbonic acid escape at first, the sulphuric acid 
retaining its natural color ; upon continued ebullition, however, the 
Solution acquired u dark color, and sulphurous acid is evoked. 

§ 165. 

d. Malic Acid (2 H O, C 8 H 4 8 ). 

1. Hydrate of malic acid crystallizes with great difficulty, form- 
ing crystalline crusts, which deliquesce in the air, and dissolve readily in 
water and in alcohol. Exposed to a temperature of 150°, hydrated 
malic acid is slowly converted, with loss of two equivalents of water, 
into hydrated fumaric acid (2Hü,C g H t 0); heated to 180°, malic 
acid is resolved into water, maleic acid \2 II O, C 8 H a O e ), which vola- 
tilizes, and fumaric acid (2 H 0, C g H,ÖJ, which remains. By raising 
the temperature to above 20ö c the fumaric acid is finally also vola- 
tilized. This deportment of malic acid is highly characteristic. If the 

* See nute, ante. 
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experiraent is made in a small spoon, pungent acid vapors are evolved 
with frothing ; if the experiment is made in a small tube, the maleic acid 
first, and afterwards the fumaric acid also will condense to crystals in 
the colder part of the tube. By heating with nitric acid malic acid 
readily yielas oxalic acid, with evolution of carbonic acid. 

2. Malic acid fonns with most bases salts soluble in water. The acid 
malate of potassa is not difficultly soluble in water ; acetate of potassa fails 
therefore to precipitate Solutions of malic acid. Malic acid prevents, like 
tartaric acid, the precipitation of sesquioxide of iron, &c, Dy alkalies. 

3. Ckforidr of calcium added in excess fails to produce a precipitate 
in Solutions of free malic acid. Even after Saturation with ammonia or 
soda no precipitate is formed. But upon boiling", a precipitate of malate 
op li me (2 Ca 0, C 8 H 4 B + 6 aq.) separates from concentrated Solutions. 
If the precipitate is dissolved in a very little hydrochloric acid, ammonia 
added to the Solution, and the fluid boiled, the malate of lime separates 
again ; but if it is dissolved in a somewhat larger quantity of hydrochloric 
acid, it will not reprecipitate, after addition of ammonia in excess, even 
upon continued boiling". On adding" one or two measures of alcohol the 
malate of lime separates in white llocks. H the fluid is previously 
heated nearly to boiling" and hot alcohol is added, the precipitate is 
deposited in the form of soft lumps which adhere to the sides of the 
vessel ; on cooling they harden and crumble by pressure to a crystalline 
powder (Barpoed). When heated with ammonia and nitrate of silver, 
malate of lime causes no Separation of silver or hardly any. 

4. Lime-water produces no precipitate in Solutions of free malic acid, 
nor in Solutions of malates. The fluid remains perfectly clear even upon 
boiling, provided the lime-water was prepared with boiling" water. 

ö. Acetate of lead throws down from Solutions of malic acid and of 
malates a white precipitate of malate of lead (2 Pb O, (J g H 4 8 + G aq.). 
The precipitation is the most complete if the fluid is neutralized üy 
ammonia, as the precipitate is slightly soluble in free malic acid and 
acetic acid, and also in ammonia. ff the fluid in which the precipitate 
is suspended is heated to boiling", a portion of the precipitate dissolves, 
and the remainder fuses to a mass resembling" resin melted under water. 
To obtain this reaction with small quantities, warm at first gently tili 
the precipitate has shrunk together, then pour off the principal quantity 
of the fluid and heat the rest with the precipitate to boiling". This re- 
action is distinctiy marked only if the malate of lead is tolerably pure ; 
if mixed with other salts of lead — if, for instance, ammonia is added to 
alkaline reaction — it is only impertect or fails altog"ether to make its 
appearance. 

6. Nitrate of silver throws down from Solutions of neutral malates of 
the alkalies a white precipitate of malate of silver, which upon long 
Standing or boiling" turns a little gray. 

7. On mixing the warm Solution of free malic acid with magnesia or 
its carbonate, tili the acid reaction is destroyed, filtering, evaporatin^*, 
and mixinqr the hot Solution with hot alcohol, malate of magnesia 
(2 Mff 0,0,11^0,) separates as a glutinous mass on the sides of the 
vessel. It is hard when cold. Malic acid cannot be distinguished from 
citric acid by this reaction (Barfoed). 

8. Upon heating" malic acid with concentrated sulphurie arid, carbonic 
acid and carbonic oxide are evolved at first ; the fluid then turns brown 
and ultimately black, with evolution of sulphurous acid« 
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§ 166. 

Becapitulation and remarks. — Of the organic acids of this group oxaUc 
arid is characterized by the instant precipitation of its lime-salt from ite 
Solution in hydrochloric acid by ammonia, and also bj acetate of soda, as 
well as by the imuiediate precipitation of the free acid by Solution of 
sulphate of lime. Tartaric arid is characterized by the sparing solubility 
of the acid potassa salt, the solubility of the lime salt in cold Solution of 
soda and of potassa, the reaction of the lime-salt with ammonia and 
nitrate of silver, and the peculiar odor which the acid and its salts emit 
lipon heating. It is most safely detected in presence of the other acids 
by means of acetate of potassa oriluoride of potassium (§ 163, 4). C. D. 
Öraun's test for distinguishing tartaric acid from the other organic 
acids by means of hexamincobaltic chloride will be found in Zeitsch. f. 
anal. Chem. 7, 349. Citric acid is usually recognised by its reaction 
with lime water, or with chloride of calcium and ammonia in presence of 
chloride of ammonium ; but in this we always presuppose the absence or 
the removal of malic and tartaric acids, and also the employment of a 
sufficient quantity of lime water or chloride of calcium. A very safe 
characteristic of citric acid also consists in the microscopic appearance of 
its baryta salt (§ 164, 5). Malic arid would be sufficiently characterized 
by the deportinen t of malate of lead when heated under water, were 
this reaction more sensitive, and not so easily prevented by the presence 
of other acids. The safest means of identifying malic acid is to convert 
it into maleic acid and fumaric acid by heating in a glass tube ; but this 
conversiori can be etfected successfully only with pure hydrate of malic 
acid. Malate of lead is sparingly soluble in ammonia, whilst the ci träte 
and tartrate of lead dissolve freely in that agent ; this different deport- 
ment of the lead salts of the acids affords a means of distinguishing be- 
tween them. 

If only one of the four acids is present in a Solution, lime-water will 
suffice to indicate which of the four is present ; since malic acid is not 
precipitated by this reagent, citric acid is precipitated only upon boiling, 
tartaric acid and oxalic acid beinj thrown down in the cold; and the 
tartrate of lime redissolves upon addition of chloride of ammonium, whilst 
the Oxalate does not. 

If the four acids together are present in a Solution, the oxalic acid 
and tartaric acid are usually precipitated first by chloride of calcium and 
ammonia, in presence of chloride of ammonium. But it must be noted 
here that the tartrate of lime requircs some time for complete precipita- 
tion (itis separated from the Oxalate by Solution of soda), and also that 
alkaline citrate when present in any quantity prevents the thorough 
Separation of oxalic acid and still more of tartaric acid. On adding 
alcohol in moderate quantity cautiously to the filtrate, the citrate of lime 
separates, (and with it the rest of the Oxalate and tartrate of lime.) On 
filtering again and mixing the filtrate with more alcohol, the malate of 
lime is thrown down. From this the hydrated acid is prepared by 
dissolvingit in acetic acid, adding alcohol, filtering if necessary, mixing 
the filtrate with acetate of lead, neutralizing with ammonia, washing 
the precipitate, suspending it in water, treating with ßulphuretted by- 
drogen, filtering and evaporating the filtrate to dryness. A better 
metnod for the aetection of malic acid in the presence of the three other 
acids consists in combining the acids with ammoma, concentrating 
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strong-ly, neutralizinp; the still warm fluid with ammonia (to dissolve the 
acid salts produced in the evaporation), and adding 8 volumes of alcohol 
of 98 per cent. After 12 or 'J4 hours the Solution of malate of ammonia 
is filtered from the undissolved Oxalate, tartrate, and citrate of ammonia, 
the malic acid is precipitated with acetate of lead and the pure h ydrated 
acid is prepared from the precipitate (Barfoed). Where a small 
quantity of citric acid or malic acid is to be detected in presence of a 
large proportion of tartaric acid, the best way is to remove the latter 
first by acetate of potassa, with addition of an equal volume of stronjr 
alcohol. The other acids may then be completely precipitated in the 
filtrate by excess of chloride of calcium and ammonia if tue quantity of 
the alcohol is a little increased. 

§ 167. 

Rackmio Acid (2 H O, C g H 4 O l0 ). 

Tbe formula of cbtstallized bacemic acid is 2 H O, C t H 4 O I0 + 2aq. The cry*» 
ta lization water escapes slowly in the air, but r.ipidly at 100° (difference betweca 
racemic acid and tartaric acid). To solvent 8 the racemic acid comports itself like the 
tartaric acid. The rackmatbs also show very similar dcportraent to that of the tar- 
tr.ites. Howerer, many of theni ditfer in the amount of water they oontain, and in form 
and soluhility from the corresponding tartrates. The aqueous Solution of racemic acid 
and the racemates exercises no divertin/ action upon po'arized light* Chloride of 
calcium precipitates from the Solutions of free racemic acid and of racemates backmatb 
OF LIMB (2CaO, C g H 4 O l0 + 8 aq.), as a white crystalline powder. Ammonia throws 
down the precipitate fiom ita Solution in bydrochluric acid, either immediately or at 
least very speedily (difference between racemic acid and tartaric acid). 1t dissolves in 
Solution of so da and potassa, but is reprecipitated trom t is Solution by boiling (difference 
between racemic acid and oxalic acid). Linie- wat er added in excess produces imme- 
diately a white precipitate iusoluble in chloride of amtnonium (üifference between 
racemic and tartaric acid). Solution of auljihute of Urne does not immediately produce 
a precipitate in a Solution of racemic acid (difference between racemic and oxalio acid) ; 
however, after ten or nfteen minutea, racemate of lime separates (difference between 
racemic acid and tartaric acid) ; in Solutions of neutral racemates the precipitate forma 
immediately. With salts of potastta racemic acid comports itself like tartaric acid. 
By letting racemate of soda and potassa or soda and ammonia crystallize, two kinds of 
crystals are obtained, which resemble eacli otber as the image reflecled by tbe mirror 
resembles the object reflected. The one kind of crystals ooutatn common tartaric acid 
(which turnt the plane of polarized light towards the right) ; the ot er kind contains 
antitartaric acid, i.e. au acid which is the same in every res pect as tartaric acid, with 
this exception only, that it turns the polarized light towards the left. If the two kinds 
of crystals are redissolved, the Solution shows again the reactions of racemic acid. 

Sccond Group. 

The Hydrates of the Acids of the Second Group sublime 
without Alteration. By heatinq with Nitric Acid they 
are either left unchanüed (Succinic Acid), or merely 
converted into Nitro-acid (Benzoic Acid). The Lime- 
salts are readily soluble in Water (Benzoic Acid), or 
difficultly soluble (succinic acid). the solutions of 
the neutral alkali-salts are precipitated by sfisqui- 
CH loride of Iron : Succinic Acid, Benzoic Acid. 

§ 168. 
a. Succinic Acid (2 H 0, C, H 4 O e ). 

1. Hydrate of succinic acid forms colorless and inodorous prisms 
or tables (rhombic prisms or rhomboid tables). It has a sligktly acid 
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§ 1G9. 

b. Brxzoic Acid (HO, C u H. O s ). 

1. Pure hydrate of benzoic acid forms inodorous white scales 
or needles, or simply a crystalline powder. It fuses when beated, and 
aft^rwards volatilizes completely. The fumes cause a peculiar irritating 
Sensation in the throat, and provoke cou^hing" ; when cautiously cooled, 
they condense to brilliant needles ; wnen kindled, they burn with a 
luminous sooty flame. The common otficinal hydrate of benzoic acid 
has the odor of benzoin, and leaves a sinall carbonaceous residue upon 
volatilization. Hydrate of benzoic acid is very sparingly soluble in 
cold water, but it dissolves pretty freely in hot water and in alcohol. 
Addition of water imparts therefore a milky turbidity to a saturated 
Solution of the acid in alcohol. 

2. Most of the benzoates are soluble in water ; only those with 
weak basps, e.g.. sesquioxide of iron, are insoluble. The soluble 
benzoates have a peculiar pun^ent taste. The addition of a strong acid 
to concentrated aqueous Solutions of benzoates displaces the benzoic 
acid, which separates as hydrate in the form of a dazzling white 
sparingly soluble powder. Benzoic acid is expelled in the same way 
from the insoluble benzoates by such strong acids as form soluble salts 
with the bases with which the benzoic acid is combined. 

3. Sesquichloride of iron precipitates Solutions of ho.e benzoic acid 
incompletely ; Solutions of neutral benzoates of the alkalies completely. 
The precipitate of benzoate of sesquioxide of iron [^Fe a O„ 
3 (C 14 H 5 3 ) + 15 aq.], is bulky, Hesh-colored, insoluble in water. It 
is decomposed by ammonia in the same manner as succinate of sesqui- 
oxide of iron, from which salt it differs in this, that it dissoives in a 
little hydrochloric acid, with Separation of the greater portion of the 
benzoic acid. 

4. Acetate of lead fails to precipitate free benzoic acid, but it pro- 
duces ilocculent precipitates in Solutions of alkaline benzoates. The 
precipitate is insoluble in benzoate of soda, but dissoives in acetate of 
lead. 

ö. A mixture of alcohol, ammonia, and chloride of barium, or Chloride 
of calcium produces no precipitate in Solutions of benzoic acid or of the 
alkaline benzoates. 

§170. 

Becapitnlation and remarks. — Succinic and benzoic acids are dis- 
tdnguished from one another by the color of their salts with sesquioxide 
of iron, and also by their diiferent deportment with chloride of barium 
or chloride of calcium and alcohol ; but principaliy by their diiferent 
degrees of solubility, succinic acid being* readily soluble in water, 
whilst benzoic acid is verv ditücult of Solution. Succinic acid is seldoin 
perfectly pure, and may therefore often be detected by the odor of oil 
of amber which it emits. 

The detection of the two acids, when present in the same Solution 
with other acids, may be etfected as foliows : precipitate with sesqui- 
chloride of iron, warm the washed precipitate witn ammonia, filter, 
concentrate the Solution, divide it into two parts, and mix one part with 
hydrochloric acid, the other with chloride of barium and alcohoL 
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Succinic acid and benzoic acid do not prevent the precipitation of ses- 
quioxide of iron, alumina, &c, by alkalies. 

Third Group. 
The Hydrates of the Acids of the Third Group may be 

DISTILLED WITH WaTER (THE HYDRATE OF LaCTIC ACID WITH 

difficulty). thellme-salts are readily soluble in w.ater. 
The Solutions ofthe neutral Alkaline-salts are notpre- 
cipitated in the cold by Sesouichloride of Iron : Acetic Acid } 
Formte Acid (Lactic Acid, Propionic Acid, Butyric Acid.) 

§171. 

a. Acetic Acid (II 0, 0,11,0,). 

1. The hydrate of acetic acid forms transparent crystallina 
scales, which fuse at 17° to a colorless fluid of a p«?culiar pungent and 
penetrating odor, and exceedingly acid taste. When exposed to the 
action of heat it volatilizes complet^lv, forming pungent vapors, which 
burn with a blue flame. It is miscible with water in all proportions ; 
it is to such mixtures of the acid with water that the name of acetic acid 
iß commonly applied. The hydrate of acetic acid is also soluble in 
alcohol. 

2. The acetates undergo decomposition at a red heat; amongthe 
products of this decomposition we jrenerally find hydrate of acetic acid, 
and almost invariably acetone (C e H e t ). The acetates of the alkalies 
and alkaline earths are converted into carbonates in this process ; of the 
acetates with motallic bases many ieave the metal behind in the pure 
State, others in the form of oxide. Most of the residues which the 
acetates leave upon ignition are carbonaceous. Nearty all acetates dis- 
soive in water and in alcohol ; most of them are readily soluble in water, 
a few only are dimcult of Solution in that menstruum. If acetates are 
distilled witn dilute sulphuric acid, the free acetic acid is obtained in the 
distillate. 

& Jf sesquichloride of iron is added to acetic acid, and the acid is then 
nearly saturated with amnionia, or if a neutral acetate is mixed with 
sesquichloride of iron, the fluid acquires a deep red color, owing to the 
formation of acetate of sesquioxide of iron. By boiling the 
fluid becomes colorless if it contains an excess of acetate, the whole of 
the sesquioxide of iron precipitating as a basic acetate, in the form of 
brown-yellow flakes. Ammonia precipitates from it the whole of the 
sesquioxide of iron as hydrate. By addition of hydrochloric acid a fluid 
which appears red from the presence of acetate of sesquioxide of ironturns 
yellow (difference from sulphocyanide of iron). 

4. Neutral acetates (but not free acetic acid of a certain degree of 
dilution) give with nitrate of silver white crystalline precipitates of 
acetate of silver (A<£ 0, C 4 H,O a ), which are very sparingly soluble 
in cold water. They dissolve more easily in hot water, but separate 
again upon cooling, in the form of verv hne crystals. Ammonia dis- 
solves tüem readily ; free acetic acid does not increase their solubility 
in water. 

5. Nitrate of suboxide of mercury produces in acetic acid, and more 
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readily still in acetates, white scaly crystalline precipitates of acetate 
of suboxide of mercury (Hg s O,C 4 H s O g ), which are sparingly soluble 
in water and acetic acid in the cold, bat dissolve without dimculty in an 
excess of the precipitant The precipitates dissolve in water upon heat- 
ing, but separate again upon cooling, in the form of small crystals ; in 
this process the salt undergoes partial decomposition : a portion of the 
mercury separates in the metaiiic State, and imparts a gray color to the 
precipitate. If the acetate of suboxide of mercury is boiled with dilute 
acetic acid, instead of water, the quantity of the metaiiic mercury which 
separates is exceedingly minute. 

b\ Chloride of mercury produces no precipitate of subchloride of mer- 
cury with acetic acid or acetates upon heating. 

7. By heating acetates with concmtrated sulphurie acid hydrate of 
acetic acid is evolved, which may be known by its pungent odor. 
ßut if the acetates are heated with a mixture of about equal volumes of 
concmtrated sulphurie acid and alcohol, acetic ether (C 4 H 4 0, C 4 HO,) 
is fbrmed. The odor of this ether is highly characteristic and agreeable ; 
it is most distinet upon shaking the mixture when somewhat cooied, and 
is inuch less liable to lead to mistakes than the pungent odor of the 
acid. 

8. If dilute acetic acid is heated with an excess of oxide oflead, part 
of the latter dissolves as basic acetate of lead. The fluid has an alkaline 
reaction : it gives no crystals on cooling. 

§172. 
b. Formic Acid (H 0, C, H 0,). 

1. The hydrate of formic acid is a transparent and colorless 
slightly fuming liquid of a characteristic and exceedingly penetrating 
odor. When cooied to below 0°, it crystallizes in colorless piates. It is 
miscible in all proportions with water and alcohol. When exposed to the 
actio n of heat, it volatilizes completely ; the vapors burn with a blue 
Harne. 

2. The Formates, like the corresponding acetates, leave upon igni- 
tion either carbonates, oxides, or metals behind, the process bei Dg 
attended with Separation of charcoal, and escape of carbide of hydro- 
gen, carbonic acid, and water. All the Compounds of formic acid with 
bases are soluble in water; alcohol also dissolves many of them but 
not all. 

(3. Formic acid shows the sarae reaction with sesquichloride of iron as 
acetic acid. 

4. Nitrate of silver fails to precipitate free formic acid, and decom- 
poses the alkaline formates only in concentrated solutiors. The white 
sparingiy soluble, crystalline precipitate of Formate of silver (AgO, 
(J 8 H 9 ) acquires very rapidly a darker tint, owing to the Separation of 
metaiiic silver. Complete reduetion of the oxide of silver to the me- 
taiiic State takes place, even in the cold, after the lapse of some time; 
butimmediately upon applying heat to the fluid containing the precipi- 
tate. The same reduetion of the oxide of silver to the metaiiic State 
takes place in a Solution of free formic acid, and also in Solutions of for- 
mates so dilute that the addition of the nitrate of eilver fails to produce 
precipitate. But it dues not take place in presence of au exce&s of am* 
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monia. The rationale of this reduction is as follows : the formic acid, 
which maybe looked upon as a Compound of carbonic oxidewith water, 
deprives the oxide of silver of its oxygen, thus causing the formation of 
carbouic acid, which escapes, and ot water, whilst the reduced silver 
separates. 

ö. Nitrate of suboxide of mercury gives no precipitate with free formic 
acid : but in Solutions of alkaline formates this reajrent produces a glisten- 
ing white sparingly soluble precipitate of Formate of suboxide of 
mercury (Hg a 0,*C 2 H O s ), wbicli rapidly becomes grray, owing to the 
Separation of metallic mercury. Complete reduction ensues, even in the 
cold, after the lapse of some time, but is immediate upon application of 
heat. This reduction is also attended with the formation of carbonic 
acid and water, and takes place, as with the oxide of silver, both in Solu- 
tions of free formic acid and in fluids so highly dilute that the formate of 
suboxide of mercury is retained in Solution. 

(3. If formic acid or an alkaline formate is beated with chloride of mer- 
cury to between 60° and 70° subchloridk of mercury precipitates. 
Presence ot free hydrochloric acid or of somewhat considerable quanti- 
ties of alkaline chlorides prevents the reaction. 

7. If formic acid or a formate is heated with concentrated sulphuric acid 
the formic acid is resolved into water and carbonic oxide gas, which 
latter escapes with effervescence and, if kindled, burns with a olue flame. 
The fluid does not turn black in this process. The rationale of the 
decomposition of the formic acid is this : the sulphuric acid withdraws 
from the formic acid the wator or the oxide necessary for its existence, 
and thus occasions a trausposition of its Clements (C 2 H 8 = 2 C O + H 0). 
Upon heatin<r formates with dilute sulphuric acid in a distilling- appa- 
ratus free formic acid is obtained in the distillate, and may mostly be 
readily detected by its odor. Upon hoating* a formate with a mixture 
of strong" sulphuric acid and nicohol formic ether is evolved, which is 
characterized by its peculiar arracklike suiell. 

8. If dilute formic acid is heated with excess of oxide of lead, the 
latter partially dissolves. The fluid has an alkaline reaction. On cool- 
inpr the Solution, which, if necessary, is concentrated by evaporation, the 
formate of lead (Pb 0, C 2 II l) a ) separates in brilliant prisms or 
needles. 

§ 173. 

Becapitulation and remarhs. — Acetic acid and formic acid may be dis- 
tilled over with water, and form wirb sesquioxide of iron soluble neutral 
salts which dissolve in water, with a blood-red color, and are decomposed 
upon boiling-. These reactions distinguish the two acids of the third 
group from the other organic acids. From each other the two acids are 
distinguished hy the odor of their hydrates and ethyle Compounds, and 
by their different reactions with salts of silver and salts of mercury, oxide 
of lead, and concentrated sulphuric acid. The Separation of acetic acid 
from formic acid is effected by heatiug the mixture of the two acids with 
an excess of oxide of mercurv or oxide of silver. Formic acid reduces 
the oxide, and suflers decomposition, whilst the acetic acid combines with 
the oxide, and reoiains in Solution. 
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§ 174. 

Rarer Acid* of the third group. 

1. Lactio Acid (2 HO, C l8 H I0 O 10 ). 

Lactic acid is developed in an i mal fl dds, ve^etable matten that have turned sour, 
&c. Pure hydrate of lactiu acid is an iuodorous syrupy liquid ; it bas a puro acid, 
ebarp taste. When it is slowly beated in a retort to 130°, water containing a little 
hydrated lactic acid distils over, leaving a residue of aubydrous lactic acid (C ia H l0 O 10 ), 
which between 250° and 300° is decomposed into carbonic oxide, carbouic acid, btctide, 
aud otber producta. Hydrate of lactic acid dissolves freely in water, alcohol, and 
etber. Upon boiling tbe aqueous Solution a little lactic acid vulatilizes witb theaqueous 
vapour. All tbe lactates are soluble in water, tbe greater part of tbem, bowever, only 
spuringly ; it is tbe same with regard to spirit of wine ; tbey are all insoluble in etber. 
Tbe production of some of thene salts and tbe examination of tbeir form under tbe 
inicroscope supply tbe means for the detection of lactic acid ; lactate of lime and 
lactate of zinc are tbe best suited for this purpose. Lactate of liine may be con- 
veniently prepared froin aniiual or vegetable Juices by tbe following method devissd by 
Scheuer: — Dilute tbe liquid, if nee- ssary, witb water, mix witb baryta water, and 
filter. Distil tbe fikrate witb sonie sulphuric acid (to remove volatile aeids), digest 
the residue several. days wiib strong alcoho', distil the acid Solution with a little milk 
of lime, filier warm frotn tbe excess of lime and tbe sulphate of lime, conduet carbonic 
acid into the fil träte, heat once more to boiling, filter frotn tbe preeipitated carbonate 
of lime, evaporate the fil träte, warin the residue with strong alcohol, filter, and let the 
neutral fil i rate stand several days to give tbe lactate of lime tiiue to crystallize. 
Should tbe quantity of lactic acid piesent be insuffkient to allow tbe formation of 
crystals, evaporate tbe fluid to syrupy consistence, mix with strong alcohol, let the 
mixture stand some tiine, decaut or filter tbe alcoholic Solution into a vessel that can 
be closed, and add greviuallv a sniall quantity of etiler. This process will cause even 
miDute traces of lactate of lime to separate from the fluid. L etate of lime shows 
under tbe microscope che form of miuute crystaltine needles aggregated in tufts with 
short stalle s, pairs of tbem always heing joined at the stalked ends, so as to look like 
paint-brushes united together. — Lactate of zinc deposited quickly from its Solution 
shows under the microscope the form of »-pherical groups of needles. The slow evapo- 
ration of Solution of lactate of zinc gives first crystals resembling clubs truncated at 
Loth ends ; these crystals gradually increase in size ; the two ends apparently 
diminish, whilst the middle parte increase in size (Funke). 

2. Propionic Acid (HO, C, H.OJ, and 3. Bctybic Aoid (H 0, C, H,0 3 ). 

Propionic acid is formed under a great variety of circumstances ; it is cbiefly 
found in fermented liquids. Tbe pure hydrate of the acid crystallizes in minute plates; 
it boils at 140 — 142° ; it diosolves rcadily in water. Propionic acid floate as an 
oily Stratum on aqueous Solution of phosphoric acid, and on Solution of chioiide of 
calcium. It has a peculiar smell, which reminds both of butyric and acetic acid. 
Upon distilling tbe aqueous Solution, the propionic acid passes over into the distillate. 
Butyric acid is frequently found in animal aud vegetable matter, more particularly 
also in fermented liquids of various kinds. The pure hydrate of the acid is a colorless, 
mobile, corrosive, intensely sour fluid, of a disagre»»able odor, a combination of the 
smell of raneid butter and acetic acid ; it boils at 160°. It is miscible in all propor- 
tion8 with water and alcohol. It is separated from the concentrated aqueous t-olutiou 
by chloride of calcium, concentrated aeidn, &c, in the form of a thin oiL. The smell 
of butyric acid is particularly strong in the aqueous Solution of tbe acid. Upon dis- 
tilling the aqueous Solution, the acid pasaes over witb the aqueous vapora. 

Propionic acid and butyric acid are often found associated with formio acid and 
acetic acid in fermented liqnids, in guano, and in many mineral waters. The detec- 
tion of tbe several aeids may in such cases be efftcted as follows : dilute the substance 
sutficiently with water, aeidify with sulphuric acid, and distil ; saturate tbe distillate 
witb baryta- water, evaporate to drymss, and treat the residue repeatedly with boiling 
alcohol of 85 per cent. This will leave the formale of baryta and part of the acetate, 
tbe remainder of tbe acetate, together with the propionate and hutyrate, dibsolving in 
the alcohol. Evaporate the alcoholic Solution, dissolve tbe residue in water, decompose 
eautiously with sulphate of BiUer, boil, filter, and let the fluid (which ought rather 
to coutain a little undecomposed baryta salt than any sulphate of silver) evaporate 
ander the desiccator. Take out separately the crystals, which form first, those which 
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form after, and those which form last, and examine thera to ascertain their natare. 
Acetate of silver einits upon Solution in concentrated sulphuric acid tbe odor of acetic 
acid, and gives no oily drops ; propionate and butyrate of silver etnit tbe peculiar odor of 
the ac'ds, and give oily drops, which, bowever, with minute quantitieH are visible 
only under tbe microscope. To distinguish positively between propionic and butyric 
acid, it is indispensable to determine the amount of silver in the separated silver salts, 
and to fix by this the atomio weight of the acid«. If mucb acetate of baryta has paased 
into tbe Solution, witb a smal quantity only of butyrate and propionate, the baryta is 
first exactly precipitated witb Bulphuric acid from the aqueous Solution of the baryta 
salts soluble in alcohol, half of the acid fluid neutralized witb soda, the other half 
added, the fluid then distilled, the distillüte which now contains principally propionic 
and butyric acids, saturated witb baryta, then deoomposed with sulphate of süver, and 
the remaining pari of the proceas oonducted as above. 
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PRELIMINARY REMARKS 

ON THE 

COURSE OF QUALITATIVE ANALYSIS IN GENERAL, AND ON THE PLAN 
OP THI3 PART OP THE PRE8ENT WORK IN PARTICULAR. 

The knowledge of reapents and of the deportment of bodies with them 
enables us to ascertain at once whether a simple Compound of which the 
physical properties permit an inference as to its nature, is in reality 
what we suspect it to be. Thus, for instance, a few simple reactions 
suflice to sbow that a body which appears to be calcareous spar is really 
carbonate of lime, and that another which we hold to be gypsum is 
actually sulphate of lime. This knowledge usuallysufficesalso to ascertain 
whether a certain body is present or not in a mixture ; for instance, 
whether or not a white powder contains subchloride of mercury. But 
if our design is to ascertain the chemical nature of a substance entirely 
unknown to us — if we wish to discover all the constituents of a mixture 
or chemical Compound — if we intend to prove that, besides certain 
bodies which we have detected, no other substance can possibly be 
present — if consequently a complete qualitative analysis is our object, 
the mere knowledge of the reagents, and of the reactions of bodies with 
them, will not sufiice for the attainment of this end ; this requires the 
additional knowledge of a systematic course of analysis, in other words, 
the knowledge of tue order in which solvents, and general and special 
reagents should be applied, both to effect the speedy and certain 
detection of every element present, and to prove with certainty the 
absence of all others. If we do not possess the knowledge of this syste- 
matic course, or if, in the hope of attaining our object more rapidly, we 
adhere to no method, analyzing becomes (at least in the hands of a 
novice) mere guess-work, and the results obtained are no longer the 
fruit» of scientific calculaticn, but mere matters of accident, which 
sometimes may prove lucky hits, and at others total failures. 

Every analytical investigation must therefore be based upon a 
definite method. But it is not by any means necessary that this 
method should be the same in all cases. Practice, reflection, and a 
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due attention to circumstances will, on the contrary, generally lead to 
the adoption of different methods for different cases. However, all 
analytical methods agree in this, that the substances to be looked for 
are in the first place classed into groups, which are then again sub- 
divided, until the individual detection of the various substances present 
is h'nally accomplished. The diversity of analytical methods depends 
partly on the order in which reagents are applied, and partly on their 
selection. 

Before we can venture upon inventing methods of our own for indi- 
vidual cases, we must first make ourselves thoroughly conversant with 
a course of chemical analysis in general. This sv stein must have 
passed through the ordeal of experience, and must be adapted to every 
imaginable cuse, so that afterwards, when we have acquired some 
practice in analysis, we may be able to determine which modification of 
the general method will be best adapted to a given case. 

The exposition of such a systematic course, adapted to all cases, 
tested by experience, and combining simplicity with the greatest pos- 
sible security, is the object of the First Section. 

The elements and Compounds comprised in it are the same which 
we have studied in Part I., with the exception of those discussed more 
briefly, and marked by the use of smaller type. 

The subdivisions of this systematic course are, 1, Preliminary 
Examination ; 2, Solution ; 3, Actual Examination. 

The third subdivision (the Actual Examination) is again divided into 
(1) Examination of Compounds in which but one base and one acid are 
assumed to be present : and (2) Examination of mixtures or Compounds 
in which all the substances treated in the present work are assumed 
to be present. With respect to the latter I have to remark that where 
the preliminary examination has not clearly demonstrated the absence 
of certain groups of substances, the Student cannot safely disregard any 
of the paragraphs to which reference is made in consequence of the 
reactions observed. In cases where the intcntion is simply to test a 
mixture for certain substances, and not to ascertain all its constituents, 
it will be easy to select the particular nümbers which ought to be 
attended to. 

As the construction of a universally applicable systematic course 
of analysis requires due provision for every eontingency that may 
possibly arise, it is self-evident that, though in the System here laid 
down the various bodies comprised in it have been assumed to be 
mixed up together in every conceivable way, it was absolutely indis- 
pensable to assume that no foreign organic matters were present, since 
the presence of such matters would introduce various complications. 

Although the general analytical course laid down here is devised 
and arrantred in a manner to suit all possible contingencies, still there 
are special cases in which it may be advisable to modify it. A preli- 
minary treatment of the substance is also sometimes necessary, before 
the actual analysis can be proceeded with ; the presence of coloring or 
slimy organic matters more especially requires certain preliminary 
Operations. The Second Sectüm will be found to contain a detailed 
description of the special methods employed to meet certain cases which 
frequently occur. Some of these methods show how the analytical 
process becomes simplified as the number of substances decreases to 
which regard must be had. 
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In conclusion, as an intelligent and successful pursuit of analysis is 
possible oniy with an accurate knowledge of the principles whereon 
the detection and Separation of bodies depend, I have given in the 
Third Section an explanation of the general analytical process, with 
numerous additions to- the practical Operations. As this third section 
may properly be regarded as the key to the first and second sections, I 
strongly recomrnend students to make themselves early and thoroughly 
acquainted with it. I have devoted a special section to this theoretical 
explanation, as I think it will be understood better in a connected form 
than it would have been by explanatory additions to the several para- 
graphs, which, moreover, might have materially interfered with the 
perspicuity of the practical process. 

I have also in this third section taken occasion to point out in what 
residues, Solutions, precipitates, &c. y which are obtained in the sys- 
tematic course of analysis, the more rarely occurring elements may be 
expected to be met with ; and also to give instructions how to pro- 
ceed with a view to ensure the detection of these bodies also 
systematically. 



SECTION I. 

PRACTICAL PROCESS FOR THE ANALYSIS OF COMPOUNDS AND 

MIXTÜRES IN GENERAL. 

I. Preliminary Examination.* 

§ 176. 

Examine, in the first place, the external properties, such as the 1 f 
color, shape, hardness, gravity, odor, &c, of the substance, since 
these will often enable you in some measure to infer its nature. 
Before proceeding, if the quantity of the substance is limited, you 
must consider how much may safely be spared for the preliminary 
examination. A reasonable economy is in all cases advisable, even 
though you may possess the substance in large quantities ; but, under 
all circumstances, let it be a fixed rule never to use up the whoie of 
what you possess of a substance, but always to keep a portion of 
it for unforeseen contingencies, and for confirmatory experiments. 

A. The Body under Examination is Solid. 
I. It is neither a Metal nor an Alloy. 

§ 176. 

1. The substance is fit for examination if in powder or in minute 2 
crystals ; but in the case of larger crystals or solid pieces, a portion 
must, if practicable, be first reduced to ßne powder. Bodies of the 
softer kind may be triturated in a porcelain mortar ; those of a harder 

* Congult also the obtenrations in the Third Section of Part II. 

t These margiiial numbera are siraply intended to faeilitate referenoe. 

1. Q 
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natore must first be broken into small pieces in a steel mortar ; 
or opon a steel anril, and the pieces then be tritnrated in an agate 
mortar. 

2. PCT SO ME OF THE POWDER IXTO A GLASS TITBE, SEAL ED 3 
AT OX£ EXD, ABOCT SIX CEXTIMETRES LONG AND FIVE MILLI- 

M et res wide, A5D heat first gently over the spirit or gas-lamp, 
then inten sei y in the blowpipe fiame. The reactions resnlting maj 
lead to manj positive or probable conclusions regarding the natnre 
of the substance. The following are the most important of these 
reactions, to which particnlar attention ought to be paid ; it often 
occurs that sereral of them are observed in the case of one and the 
same substance. 

a. The substance remains unaltered : absence of 4 
organic matters, salts containiner water of crystalliz&tion, rea- 
dilj fosible matters, and Tolatile bodies (except carbonic arid, 
which often escapes without yisible change). 

b. The substance does not fuse at a moderate heat 5 
but simply changes color. From white to yellow, turning 
white again on cooliug, indicates oxide of zinc; from 
white to yellowish brown, turning to a dirty lig-ht yellow on 
cooling, indicates binoxide of tin ; from white or yellowish- 
red to brownish-red, turning to yellow on cooling, the body 
fusing at a red heat, indicates oxide of lead; from white, or 
pale yellow, to orange vellow, up to reddish-brown, turning 
pale yellow on cooling, tfie body fusing at an intense red heat, 
indicates teroxide of bismuth ; from brownish-red to black, 
turning brownish-red again on cooling, indicates sesquioxide 
of i rok ; from yellow to dark orange, the body fusing at an 
intense heat, indicates neutral Chromate of potassa, «fcc. 

c. The substance fuses without expulsion of 6 
aqueous va po RS. If by intense heatinp, gas (oxygen) is 
evolved, and a small fragment of charcoal thrown in is ener- 
getically consumed, Nitrates or chlor ates are indicated. 

d. Aqueous vapors are expelled, which condense 7 
in the colder part of the tube : this indicates either 

(a) 8UB8TANCE8 CONTAINING WATER OF CRYSTALLIZATION, 

in which case they will generally readily fuse, and re-solidify 
after expulsion of the water ; many of these swell considerably 
whilst yielding up their water, e.g., borax, alum; or (0) decom- 
posable Hydrates, in which case the bodies often will not fuse ; 
or (y) anhydrous salts, holding water mechanically en- 
closed between their lamellae, in which case the bodies will de- 
crepitate; or (a) bodies with moisture externally adhering to 
them. 

Test the reaction of the Condensed fluid in the tube ; if it 
is alkaline, ammonia is indicated ; if acid, a volatile acid (sul- 
phuric, sulphurous, hydrofluoric, hydrochloric, hydrobromic, 
nydriodic, nitric, &c). 

e. Gases or fumes Escape. Observe whether they have a 8 
color, a smell, an acid or alkaline reaction, whether they are 
inflammable, &c. 

aa. Oxygen indicates peroxides, chlorates, nitrates, &c. A 
glimmering slip of wood is relighted in the gaseous current. 
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bb. Sulphurous acid is often produced by tbc decompo- 
sition of sulphates ; it may be known by its odor and by its 
acid reaction, 

ce. Hyponitric acid, resulting from the decomposition 
of nitratee, especially those of the heavy metals ; it may be 
known by tbe brownish-red color and the odor of the fumes. 

dd. Carbonic acid indicates carbonates decomposable by 
heat, or Oxalates of reducible metals. The gas is colorless 
and tasteless, non-inflammable; a drop of lime-water on a 
watch-glass becomes turbid on exposure to the gaseous 
current. 

ee. Carbonic oxide indicates Oxalates and also formates. 
The gas bums with a blue flame. In the case of Oxalates the 
carbonic oxide is generally mixed with carbonic acid, and is 
therefore more dimcult to kindle : in the case of formates there 
is marked carbonization. Oxalates evolve carbonic acid when 
brought into contact with binoxide of manganese, a little 
water, and some concentrated sulphuric acid, on a watch- 
glass ; formates evolve no carbonic acid under similar cir- 
cumstances. 

fj. Chlorine, bromine, or iodine indicate decom- 
posable chlorides, broroides, or iodides. The gases are readily 
recognised by their color and odor. Iodine, ML evolved in any 
quantity, forms a black Sublimate (compare 9)- 

gg. Cyanoqen indicates cyanides decomposable by heat, 
The gas may be known by its odor, and, when tolerably pure, 
by the crimson flame with which it burns. 

hh. Hydrosulph uric acid indicates sulphides containing 
water ; the gas may be readily known by its odor. 

ix. Am moni a, resulting from the decomposition of ammo- 
niacal salts, or also of cyanides of nitrogenous organic matters, 
in which latter cases browning or carbonization takes place, 
and either cyanogen or offensive empyreumatic oils escape 
with the ammonia. 

/. A Sublimate forms. This indicates volatile bodies: 9 
the following are those more frequently roet with : — 

aa. Sulp hur. Eliminated from mixtures or from many 
of the metallic sulphides. Sublimes in reddish-brown drops, 
which solidify on cooling, and tum yellow or yellowish- 
brown. 

bb. Iodine. Eliminated from mixtures, many iodides, iodic 
acid, &c. Violet vapor, black Sublimate, smell of iodine. 

ec. Ammonia salts give white Sublimates ; heated with 
carbonate of soda and a drop of water on platinum foil they 
evolve ammonia. 

dd. Mercury and its Compounds. Metallic mercury 
formt globules ; sclphide of mercury is black, but ac- 
quires a red tint when rubbed ; Chloride of mercury fuses 
before volatilizing ; subchloride of mercury sublimes 
without previous fusion, the Sublimate, which is yellow whilst 
hot, turns white on cooling. The red iodide of mercury 
gives a yellow Sublimate. 

ee. Arsen ic and its Compounds. Metallic arsenic 

«2 
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forms the well-known arsenical mirror ; arsenious acii> 
forms small shining crystals; the sulphides of arsenic 
give sublimstes whicb are reddish-yellow whilst hot, and turn 
yellow on cooling. 

ff. Teroxide of antimony fhses to a yellow liqnid before 
subliming. The Sublimate consists of brilliant needless. 

gg. Benzoic acid and succimc acid. The officinal im- 
pure acids may be known by the odor of their fumes. 

hh. Hydrated oxalic acid. White crvstalline Subli- 
mate, thick irritating fumes in the tnbe. Öeating a small 
sample on platinum-foil with a drop of concentrated sulphuric 
acid gives rise to a copious eyolution of gas. 
g. Carbonization takes place : organic substances. 10 
This is always attended with evölntion of gases (acetates evolve 
acetone) and water, which latter bas an alkaline or acid reac- 
tion. If the residue effervesces with acids, whilst the original 
substance did not show this reaction, organic acids may be as- 
sumed to be present in combination with alknlies or alkaline 
earths. Salts containing readily reducible metallic oxides in 
combination with organic acids, often leave the metal behind, 
and in consequence of the combustion of the carbon at the ex- 
pense of the metallic oxide, the residue maycontain little or no 
carbon. 
3. Place a small portion of the substance on a char- 11 
coal Support (in the cavity scooped out for the purpose), and 

EXPOSE TO THE INNER BLOWPIPE FLAME. 

As most of the reactions described under 2 (3 — 10) are also pro- 
duced by thisprocess, only those appearances will be mentioned 
which are pecuiiar to this experiment. Evolution of sulphurous acid, 
when the Harne plays upon the sample, generally indicates a sulphide. 
The following are the reactions which will permit pretty accurate 
conclusions. 

a. The body fuses, and is absorbed by the charcoal 12 
or forms a bead in the cavity, not attended by incmsta- 
tion : indicates more particularly salts of the alkalies. 

b. An infüsible white residue remains on the char- 13 
coal, either at once or after previous melting in the water of 
crystallization ; indicates more particularly baryta, strontia ? 
lime, manpesia, alumina, oxide of zinc (appears yellow whilst 
hot), and silicic acid. Among these substances strontia, 
lime, maonesia, and oxide of zinc are distingnished by 
strong luminosity in the blowpipe flame. Moisten the white 
residue with a drop of nitrate of cobalt, and expose again to a 
strong heat. A nne blue tint indicates alumina ; a green 
oxide of zinc. In the presence of silicic acid and of many 
alkaline earthy Phosphates a more or less blue coloration is 
produced. 

In the case aovb the preliminary examination for alkalies and 
alkaline earths may be completed by inspecting the colors which 
the substances impart to flame. For this purpose a little of the 
substance is attached to the loop of a fine plntinum wire, 
moistened repeatedly with sulphuric acid, dried cautiously near 
the border of the flame, and then held in the fusing zone of 
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Bunsen's gas-flame. The colorations caused by the alkalies 
will make their appearance first, follovred — after volatilization 
of the alkalies, bj that of baryta, and finaliy — after moistening 
with hydrochloric acid — by those of strontia and lime. . Für 
details see § 92 and § 99. 

c. The substance leaves aresidueof another color, 14 

OR REDUCTION TO THE METALLIC STATE TAKES PLACE, OR 
AN INCRUSTATION PORMS ON THE CHARCOAL. Mk a portion 

of the powder with carbonate of soda and a drop of water, and 
heat on charcoal in the reducing Harne ; observe the residue in 
the cavity as well as the incrustation on the charcoaL 

a. The sustained application of a strong tiame produces a 15 
metallic globule, without incrustation of the charcoal, in- 
dicates oold or copper. The latter is at once recognised 
by the gTeen coloration of the Harne. The oxides of platinum, 
iron, cobalt, and nickel are indeed also reduced, but they 
yield no metallic globules. 

ß. The charcoal support is coated with an incrustation, 16 
either with or without formation of a metallic globule. 

aa. The incrustation is white, at some distance from the 
test specialen, and is very readily dissipated by heat, 
einitting a garlic-like odor : arsenic. 

bb. Tne incrustation is white, nearer the test specimen 
than in aa y and niay be driven from one part of the support 
to another: antimony. Metallic globules are generally 
observed at the same time, which coutinue to evolve white 
fumes long after the blowpipe jet is discontinued, and upon 
cooling become surrounded with crystals of teroxide of 
antimony ; the globules are brittle. 

cc. The incrustation is ycttvw whilst bot, but turns white 
on cooling ; it is pretty near the test specimen and is with 
diificulty volatilized: zinc. 

da. The incrustation has a Joint yellow tint whilst hot, 
and turns white on cooling; it surrounds the test specimen 
closely, and both the inner and outer ilame fail to volatilize 
it : tin. The metallic globules formed at the same time, 
but only in a strong reducing ilame, are bright, readily 
fusible, and malleable. 

ee. The incrustation has a lemon-yellow color, turning 
on cooling* to sulphur-yellow ; heated in the reducing 
flame it Teaves its place with a blue gleam : lead. 
Readily fusible, malleable globules are formed at the same 
time with the incrustation. 

ff. The incrustation is of a dark orange-yellom color 
whilst hot, which c banges to lemon-yellow on cooling ; 
heated in the reducing name it leaves its place without a 
blue gleam : bismuth. The metallic globules formed at 
the same time as the incrustation are readily fusible and 
brittle. 

gg. The incrustation is reddish-brown, in thin layers 
orange-yellow ; it volatilizes without & colored gleam : 

CADMIUM. 

f hh. The incrustation is dark-red : silver. Where lead 
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and antimony are present at the same time, the incrus- 
tation is crimson. 

In cases where a reduction to the metallic State has taken 
place, moisten the sample with water, scoop it out, triturate 
m a small agate dish, and wnsh off the charcoal particles 
with water — when the gold will be obtained in yellow, the 
copper in coppery-red, the silver in nearly white, the 
tin in grayish- white, the lead in whitish-gray minute 
plates or Strips, the bismuth as a reddish-gray, the zinc as 
a bluish-white, the antimony as a gray powder. When 
copper and tin, or copper and zinc, are present at the same 
time, yellow alloys are occasionally formed. 

4. FüSE A SMALL PORTION WITH A BEAD OF MICROCOSMIC 17 
SALT, AND EXPOSE FOR SOME TIME TO THE OUTER FLAME OF THE 
BLOWPIPE. 

a. The sübstance dissolves readily and rat her 

COPIOUSLY TO A CLEAR BEAD (WH1LST HOT). 

a. The hot bead is colared : 18 

Blüe, by candlelight inclining to violet — cobalt ; 

Green, upon cooling blue ; in the reducing flame, after 
cooling red — copper ; 

Green, particularly fine on cooling, unalteredin the re- 
ducing Harne — chromium ; 

Brown ish-red, on cooiing ligrht yellow or colorless ; in 
the reducing flame red whilst hot, yellow whilst cooi- 
ing, then greenish — iron ; 

Reddish to Brownish-red, on cooline 1 yellow to 
reddish -yellow or colorless; in the reducing flame 
unaltered — nickel ; 

Yellowish- Brown, on cooiing light yellow or color- 
less ; in the reducing Harne almost colorless (especially 
after contact with tin), blackish-gray on cooiing — 

BISMUTH. 

Light yellowish to opal, when cold rather dull; in 
the reducing flame whitish-gray— silver : 

Amethyst-red, especially on cooiing; colorless in the 
reducing flame, not quite clear — Mangan ese. 
fi. The hot bead is colorless : 19 

It remains clear on cooling : antimony, 
alumina, zinc, cadmium, lead, lime, magnesia; 
the latter live when added in somewhat large propor- 
tion to the microcosmic salt, give enamel- white beads; 
the bead of oxide of lead saturated is yellowish ; 

It becomes enamel- white on cooling, even 
where only a small portion of thk powder 
has been added to the microcosmic salt: 
baryta, strontia. 
b. The sübstance dissolves slowly and only in small 20 

«IUANTITY : 

a. The bead is colorless, and remains so even after cooling; 
the undissolved portion looks semi-transparent ; upon adcü- 
tion of a little sesquioxide of iron it acquires the characte- 
rißtic color of an iron bead : silicic acid. 
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ß. The bead is colorless, and remains so after addition of a 
little sesquioxide of iron : tin. 

e. The substance does not dissolve, but floats (in 21 
the metallic state) in the bead: gold, platinum. 
5. Minerals are examineo for fluorink as directed 
§ 146, 8. 

After the termination of the preliminary examination, proceed to 
the Solution of the substance, as curected § 180 (32). 

§ 177. 
II. The Substance is a Metal or an Alloy. 

1. HEAT A SMALL PORTION OF THB 8ÜBSTANCE WITH 22 
WATER ACIDULATED WITH ACETIC ACID. If HYDROOBN is evolved 

tbis indicates a lig-ht metal (possibly also manganese). 

2. HEAT A SAMPLE OF THE SUBSTANCE ON CHARCOAL IN 23 
THE REDUCING FLAME OF THE BLOWPIPE, and watch the T6- 

actions ; for instance, whether the substance fuses, whether an 
incrustation is formed, or an odor emitted, &c. 

By this Operation the following metals may be detected with more 
or less certainty : arsenic by the smell of garlic; mercury by its 
volatility; antimony, zinc, lead, bismuth, cadmium, tin, 
silver, by Aising, with incrustation of the charcoal (comp. 16); 
copper by the green coloration of the outer flame. Further conclu- 
sions may be formed when the substance is a single metal nearly 
pure ; tlius, for instance gold fuses without incrustation ; plati- 
num, iron, manganese, nickel, and cobalt, do not fuse in the 
blowpipe flarne. 

3. Heat a sample of the substance before the blow- 24 
pipe in a glass tube sealed at one end. 

a. no sublimate is formed in the colder part of 
the tube : absence of mercury. 

b. A Sublimate is formed : presence of mercury, cad- 
mium, or arsenic. The Sublimate of mercury, which consists 
of small globules, cannot be conibunded with that of cadmium or 
arsenic. 

After the termination of the preliminary examination, proceed to 
the Solution of the substance as directed § 1 81 (42). 

§178. 
B. The Substance under examination is a fluid. 

1. EVAPORATE A SMALL PORTION OF THE FLUID in a pla- 25 

tinum capsule, or in a small porcelain crucible, to ascertain whether 
it actually contains any matter in Solution ; if a residue remains, 
examine this as directed § 176. 

2. Test with litmus-paper (blue and red). 26 

a. The fluid reddens blue litmus-paper. This re- 
action may be caused by a free acid or an acid salt, as well as 
bj a metallic salt soluble in water. To distinguish between 
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these two cases, pour a small quantity of the fluid into a watch- 
gloss, and dip into it a small glass rod, after moistening the 
extreme point of the latter witn dilute Solution of carbonate of 
soda ; if the fluid remains clear, or if the precipitate which may 
form at first, redissolves upon stirring the liquid, this proves 
the presence of a free acid or of an acid salt ; but if the fluid 
becomes turbid and remains so, this generally denotes the 
presence of a soluble metallic salt. 

b. Reddened litmus-paper turns blue : this indicates 27 
the presence of a free alkali or an alkaline carbonate, free ; 
alkaline earths, alkaline sulphides, and of a number of other 
salts containing an alkali or, it may be, an alkaline earth, in / 
combination with a weak acid. 

3. Sm ell the fluid, or should this fail to give satLsfactory 28 
results, distil, to ascertain whether the simple solvent present 

is water, alcohol, ether, &c. If you find it is not water, evaporate 
the Solution to dryness, and treat the residue as directed § 17(5. 

4. If the Solution is aqueous, and manifests an acid reaction, 29 

DILUTE A PORTION OF IT LARGELY WITH WATER. Should this 

impart a milky appearance to it, the presence of antimony, 
or bismuth (or possiblv also of tin) may be inferred. Comp. § 121, 
9, and § 131, 4. 

After the termination of the preliminary examination, proceed 30 
to the actual examination. If the Solution is aqueous, with neutral 
reaction, it can only contain substances soluble in water ; but if it 
has an acid reaction, arising from the presence of free acid, the actual 
examination must be conducted with due regard to the possible pre- 
sence also of bodies soluble in acids, thoug-h insoluble in water. 
Proceed accordingly with neutral aqueous Solutions as directed § 182, 
with acid Solutions as directed § 185, if you are quite sure that there 
is only one acid and one base present ; but where there is reason to 
suppose the presence of several bases and acids, proceed as directed 
§ 189. Witt flüids of alkaline reaction, proceed as directed § 182, 
unless there be reason to suppose the presence of more than one 
acid and one base, when the instructions given in § 189 must be 
fbllowed. 

II. Solution of Bodies, or Classification of Substances, ac- 

CORDING TO THEIR DEPORTMENT WITH CERTAIN SOLVENT6.* 

§ 179. 

Water and acids (hydrochloric acid, nitric acid, aqua regia) are 31 
the solvents used to classify simple or Compound substances, and 
to isolate the component parte of mixtures. We divide the various 
substances into three classes, according to their respective deport- 
ment with these solvents. 

First cluss. — Substances soluble in water. 
Second class. — Substances insoluble or sparinoly 
soluble in water, but soluble IN HYDROCHLORIC ACIC, 
NITRIC acid, or aqua regia. 

* Consnlt the remarks in the third section. 
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Third class. — Substances insoluble or sparinoly solu- 

BLE IN WATER AS WELL AS IN HYDROCHLORIC ACID, NITRIC 
ACID, AND AQUA REGIA. 

The Solution of alloys being more appropriately effected in a 
different manner from that pursued with other bodies, I shall give 
& special method for these substances (see § 181). 

The process of Solution is conducted in the following manner. 

A. The Substance under Examination is neither a 

METAL NOR AN ÄLLOY. 

§180. 

1. Put about a gTamme of the finely pulverized substance 32 
into a small flask or a test-tube, add from ten to twelve times the 
amount of distilled water, and heat to boiling over a spirit or gas- 
lamp. 

a. The substance dissolvks completely. In that 33 
case it belongs to the first class ; regard must be had to what 
hus been stated in the preliminary examination (30) with 
respect to reaction. Treat the Solution either as directed 

§ 182, or § 189, according as either one or several acids and 
bases are supposed lo be present. 

b. An insoluble residue remains even after pro- 34 
tracteü boiling. Let the residue subside, and filter the 
fluid off, if practicable in such a manner as to retain the re- 
sidue in the test-tube; evaporate a few drops of the clear 

iil träte un platinum foil ; if nothing remains, the substance is 
completely insoluble in water ; in which case proceed as directed 
35. But if a residue remains, the substance is at least partly 
soluble ; in which case boil again with water, filter, add the 
fil träte to the first Solution, and treat the fluid, according to 
circumstances, either as directed § 182, or § 189. Wash the 
residue with water, and proceed as directed 35- 

2. Treat a small portion of the residue which has been boiled 35 
with water (34) with dilute hydrochloric acid. If it does not 
dissolve, heat tu boiling, and if this fails to effect complete Solution, 
decant the fluid into another test-tube, boil the residue with con- 
centrated hydrochloric acid, and, if it dissolves, add the Solution to 
the fluid in the other test-tube. 

The reactions which may manifest themselves in this Operation, 
and which ought to be carefully observed, are, (a) Effervescence, 
which indicates the presence of carbomc acid or hydrosulphuric acid ; 
(ß) Evolution of chlorine, which indicates the presence of peroxides, 
Chromates, &c. ; (y) Emission of the odor of bydrocyanic acid, 
which indicates the presence of insoluble cyanides. The analysis of 
the latter bodies being effected in a somewhat different manner, a 
special paragraph will be devoted to them (see § 204). 

a. The residue is completely dihsolved by the 36 
hydrochloric acid (except perhaps that sulphur separates, 
which may be known by its color and light specific gravity, 
and may, after boiling some time longer, be removed by filtra- 
tion; or that gelatinous hydrate of silicic acid separates). 
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Proceed, according as there is reason to suppose the presence 
of one or of several bases and acids, either as directed § 185, 
or as directed § 190 after filtration if necessary. The body 
belongs to tbe second class. To make quite sure of the actual 
nature of the sulphur or hydrated silicic acid filtered off, examine 
these residuary matters as directed § 188, or § 203. 

b. There is still a residue left. In that case put 37 
aside the test-tube containing the specimen which has been 
boiled with the hydrochloric acid, and try to dissolve another 
sample of the substance insoluble in water, or already extracted 
with water, by boiling with nitric acid, and subsequent addition 
of water. Evolution of nitric oxide, or nitrous acid, by the 
actio n of the nitric acid, shows that a process of oxidation is 
taking place. 

a. The sample is compUtely dissolved, or leaves no oiher 38 
residue but sulphur or gelatinous silicic acid ; in this case also 
the body belongs to the second class. Use this Solution to 
test further for bases, as directed § 185, or, as the case may 
be, § 189, III. (109), and for the rest proceed as in 36- 

ß. There is still a residue left. Pass on to 40. 39 

3. If the residue insoluble in water will not entirely dissolve 40 
in hydrochloric acid nor in nitric acid, try to effect complete Solution 

of it by means of nitro-hydrochloric acid. To this end mix the 
Contents of the tubetreated with nitric acid with the content» of the 
tube treated with concentrated hydrochloric acid ; heat the mixture 
to boiling, and should this fail to effect complete Solution, decant the 
clear fluid off from the undissolved residue, boil the latter for some 
time with concentrated nitro-hydrochloric acid, and add the decanted 
Solution in dilute aqua regia as well as the Solution in dilute hydro- 
chloric acid, decanted in 35- Heat the entire mixture once more to 
boiling, and observe whether complete Solution has now been effected, 
or whether the action of the concentrated nitro-hydrochloric acid 
has still left a residue. In the latter case filter the Solution — if 
necessary after addition of some water* — wash the residue with 
boiling water, and proceed with the h'ltrate, and the washings added 
to it, as directed § 185, or § 190. In the former case proceed with 
the clear Solution in the sauie way.f 

4. If boiling nitro-hydrochloric acid has left an undissolved 41 
residue, wash it thoroughly with water, and then proceed as directed 

§ 188, or as directed § 203, according as there is reason to suppose 
the presence of only one or several bases and acids. 

* If tbe fluid turn s turbid upon addition of water, this indicates the presence of 
bisrnuth or antiraony ; the turbidity will disappear again upon addition of hydrochloric 
acid. 

t Where the acid Solution on cooling deposits acicular crystals, the latter generally 
consist of chloride of lead ; it is in that case otten advbable to decant the fluid off tue 
crystals, and to examine the fluid and crystals separately. Where on boiling wit'i 
aqua regia me tasten nie chloride has been fermed from binozide of tin, the washing 
waier, dissolving thia, becomes turbid on dropping into the strongly acid fluid which 
has run off firot. In that case reeeive the washing water in a separate vessel, and 
treat the two Solutions separately with hydrosulpuuric acid as directed in $ 190, but 
filter afterwards through the same filter. 
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B. The Substance under Examination is a Metal or 

AN ÄLLOY. 

§181. 

The metals are best classed according to their behavior with 42 
nitric acid ? as follows : 

1. Metals which are not attacked by nitric acid : gold, 
platinum. 

II. Metals which are oxidized by nitric acid, but 

WHOSE OXIDES DO NOT DISSOLVE IN AN EXCESS OF THE ACID OR 

in water : antimony, tin. 

III. Metals which are oxidized by nitric acid and con- 

VERTED INTO NITRATES WHICH DISSOLVE IN AN EXCESS OF THE 

acid or in water : all the otker metals. 

Pour nitric acid of 1*20 sp. gr. over a small portion of the sub- 
stance, and apply heat. 

I. COMPLETE SOLUTION TAKES PLACE, EITHER AT ONCE OR 43 

upon addition of water; this proves the absence of platinum,* 
gold, antimony,f and tin. Proceed either as directed § 182, or 
§ 189, III. (109), according as there is reason to suppose the pre- 
sence of only one or of several metals. 

2. A residue is left. 

a. A metallio residue. Filter, and treat the filtrate as directed 44 
§ 189, III. (109), after having seen, in the first place whether 
anything 1 has really been dissolved. Wash the residue 
thorougnly, dissolve in nitro-hydrochloric acid, and test the 
Solution tbr gold and platinum, according to § 128. 

b. A white pulverulent residue ; indicates antimony and TIN. 45 
Filter, ascertain whether anything has been dissolved, then 
treat the n'ltrate as directed § 189, III. (109). Wash the re- 
sidue thoroughly, then test for te roxi de of antimony, 
binoxide of tin, and arsenic acid, according to§ 134, 5. 
(Part, at least, of the arsenic acid is always found in this pre- 
cipitate, combined with teroxide of antimony and binoxide of 
tin.) 

* AUoys of silver and platinum, with the latter metal present in emall proportion 
only, dissolve iu nitric acid. 

t Very minute traces of antimony, however, are often completely diasoWed by 
nitric acid. 



'. 2*jl *ma- srczmiL^cn *zi±. ~a i wühl uf ihe mqmmt&4ß 
*. T «» "htti^tiatt 5- ^-licien mJbaBs* ibe aibsnce of 

■J--*^ £L^ *Z1'"HL£- «F JlxT^ZZ— . SSL Ufer 3 *!» TU* &Wd» of 

*: s- tu '.«r:*— i > «■••i.vo. Zr^-Ja* -J& £md in which 47 

"£.= ; — -^r T^i=* i? ^lr^ Ottf L JUTl "▼! T*inii1IÄ. Miß tod OUMHlift 

a» rV »*-■— ft/nr«? -*xfattw>**:_ w' Ä •farrf » nmm I fliflsr.- this 
«iii T r> iur :rv:^inin* ti iut^* nma^M n: cLJaride of alver 
tniL ± rtTLs— ™nrL7 jnijmrr^ rr im irfspnce of silvebl 
T» irr-*--» ir i itusirr-* ria^rn'nia in. xus :i;ai, tiie original 
viinniia iuikc m •«*•£. "»~r± eir-nnun* «f ?«casaa, and with 
i-TT-usiiciLunr kr.it *»* i 11*^ 4. aaiL i 1?^, ?*. 

i rv rr—ynmt rv-ta muir* - *n_2* *ä*:*w* tibe pre cipit ate 48 
*. i*"*» riiias?^;: it sLMÜ.na* cc ra ejru T, which has now 
:****a. r.aT*r^; v* *a?* incn>:a^* zxm o* Nick Compound; it 
» r.ai**»*:T***L"i , x mzirxTT* *c T^ zrea»?* of stboxjdk op 
iiiTiT. 7". **rt *Z a.nf:« *r rws. r«r :he original Solution 
wr± :r:o.ci-:TT>i» -nfr^. *s*i wttä mttaliic copper (see § 116). 

7. Jv ji~rr*jFCxr* ^mou v*j*V;*rvaf .- it ct*nsi£ts of chloride 49 
of It*:. vLjth 15 »<?t ci*so>«e*i bv ammonia ; this reaction is 
acwri^rij in'üoatiTe of the r*e*>ence of lead. Whetber 
th-? j**c^pe:a» confxsä? rva.Ly of chioride of l«*d or not is 
ccnc.fxsiTeir a$cert*ined : l>t" hr dilutingr the second portion 
of the duiu in which the precipitate produced bj hjdrochloric 
acid is suspended, with a large anmunt of water, and apply- 
ing heat ; the precipitate must dissolve if it consists of 
chloride of lead ; and 2nd, dt testing- portions of the original 
Solution with hjrdrosulphuricacid and sulphuric acid (§ 11?, 
4, and 8). 

2. Add to the fluid acidified with hydrochloric acid Solution of 50 
hydrosulphuric acid until it smells distinctlv of that ffas after shak- 
in^r, heat the mixture, add some more Solution of hydrosulphuric 
acid, and let it stand a short time.J 

* This term is nsed to designate Compounds supposed to oontain only <mt bnse snd 
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t Xt a preoipitate forms uumediate^y upon adaitioo of sointioa of hjdn— l|JiuriP 
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a. The fluid remains clear. Pass on to 56, since this 
is a proof that lead, bismuth, copper, cadmium, oxide of mercury, 
gold, platinum, tin, antimony, arsenic, and sesquioxide of iron are 
not present. 

b. A PRECTPITATE 18 FORMED. 

a. The precipitate is white; it consists of separated 51 
sulphur, and indicates a substance wbich decomposes hydrosul- 
phuric acid.* Of the metallic oxides which possess this property 
sesquioxide of iron is the most common (§ 111, 3). Test 
for this with ammonia and ferrocyanide of potassium in the 
original Solution (§ 111, 5 and 6). If it is not found pass on 

to56. 

ß. The precipitate is yellow ; it may consist of 52 
sulphide of cadmium, sulphide of arsenic, or bisulphide of tin, 
it indicates accordingly cadmium, arsenic, or binoxide of tin. To 
distinguish between them, mix a portion of the fluid wherein 
the precipitate is suspended with ammonia in excess, add some 
sulphide of ammonium, and warm. 

aa. The precipitate does not dissolve : it consists of cadmium; 
for sulphide of cadmium is insoluble in ammonia and sulphide 
of ammonium. Confirm by testing the original substance, 
or the precipitate thrown down from the original Solution 
by carbonate of ammonia, with the blowpipe (§ 122, 9). 

bb. The precipitate dissolves : binoxide of tin or arsenic: 
add ammonia to a small portion of the original Solution. 

aa. A white precipitate is formed. Binoxide of tin is 
the substance present. Confirm by reducing" the pre- 
cipitate before the blowpipe, with Cyanide of potassium 
and carbonate of soda (§ 130, 8). 

ßß. No precipitate is formed. This indicates arsenic. 

Confirm by the producrion of an arsenical mirror from the 

original substance or the precipitated sulphide of arsenic, 

eitlier with Cyanide of potassium and carbonate of soda, or 

in some other way ; and moreover by exposing the 

original substance with carbonate of soda to the inner flame 

of the blowpipe (§ 132, 12 and 13). If the Solution con- 

tained arsenious acid, the yellow precipitate formed 

immediately upon the addition of the hydrosulphuvic acid ; 

if arsenic acid, it formed only upon the application of heat, 

or after long Standing. For further Information respecting" 

the means of distinguishing between the two acids see 

§ 134, 9. 

y. The precipitate is oranoe-colored, it consists 53 

of tersulphide of antimony, and indicates teroxide of 

antimony. For confirmation the original Solution is tested 

with zinc in a platinum capsule (§ 131, 8). 

d. The precipitate is dark-brown. It consists of 54 
protosulphide of tin, and indicates protoxide of tin. To 

meid, it is unnecessary to apply heat, &c. ; but if the fluid reraains clear, or is ren- 
dered only slightly tarbid, the above couree of proeeeding must be etrictly followed, to 
goard against the risk of overlooking arsenic acid and binoxide of tin. 

* If the oolor of the Solution from being reddish yellow ohanget to green, chromi« 
acid is indicated. 
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confirm, test a portion of the original Solution with chloride of 
mercury (§ 129, 8). 

€. THE PREC1PITATE 18 BROWNI8H-BLACK OR BLACK. It 55 

may consist of sulphide of lead, sulphide of copper, tersulpbide 
of bismuth, tersulphide of gold, bisulphide of platinum, or sul- 
phide of mercury. To distinguish between these different 
sulphides, the following experiments with the original Solution 
are resorted to. 

aa. Add dilute sulphuric acid to a portion ; a white preci- 
pitate indicates lead. To confirm, test with Chromate of 
potassa (§ 117, 9). 

bb. Aad Solution of soda to a portion ; a yellow precipitate 
indicates oxide of mercury. Confinn with protochloride 
of tin and copper (§ 119). 

The presence of oxide of mercury is usually sufficiently 
indicated by the several changes of color through which the 
precipitate produced by the Solution of hydrosulphuric acid 
in the fluid under examination is observed to pass ; this preci- 
pitate is white at first, but changes uponthe addition of more 
of the precipitant to yellow, then to orange, and finally to 
black (§ 119, 3). With very acid Solutions the reaction with 
potassa or soda is not effective (§ 119, 4). 

cc. Add ammonia in excess to a portion ; if a bluish precipi- 
tate is formed which redissolves in an excess of the precipitant 
to an azure color, or even if the ammonia simply colors the 
Solution azure-blue, this indicates copper. To confirm, 
test with ferrocyanide of potassium (§ 120, 9). 

dd. If the precipitate produced by ammonia was white, and 
excess of ammonia has failed to re-dissolve it, Alter the fluid 
off, wash the precipitate, dissolve a portion of it on a watch- 
glass in 1 or 2 drops of hydrochloric acid, with addition of 
2 drops of water, and then add more water. If the Solu- 
tion turns milky, this is caused by basic terchloride of 
bismuth : the reaction consequently indicates bismuth. 
Confirm by testing the remaining portion of the ammonia 
precipitate with a Solution of protochloride of tin in soda 
(§121,10). 

ee. Add Solution of sulphate of protoxide of iron to a por- 
tion. A fine black precipitate indicates gold. To confirm, 
expose the precipitate to the flame of the blowpipe, or test 
the original Solution with protochloride of tin (§ 126). 

JJ. Add chloride of potassium and alcohol to a portion ; a 
yellow cryst;alline precipitate indicates platinum. To 
confirm, heat the precipitate to redness (§ 127). 

3. Mix a small portion of the original Solution with chloride of 56 
ammonium,* add ammonia to alkaline reaction, and then no matter 
whether the latter reagent has produced a precipitate or not, a little 
sulphide of ammonium, and warm, if a precipitate fails to separate 
in the cold. 

* The chloride of ammonium ia naed for the purpo*e of preventia^ the preoiplta- 
tiou by ammonia of any inagneaia which might be present. 
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a. No precipitate is formed ; pass on to 62 ; for iron, 
cobalt, nickel, manganese, zinc, chromium, alumina, and silicic 
acid are not present.* 

b. A PRECIPITATE IS FORMED. 

a. The precipitate is black ; protoxide of iron,f nickel, or 57 
cobalt. Mix a portion of the original Solution with some 
potassa or soda. 

aa. A dirty greenish-white precipitate is formed, which 
soon changes to a reddish-brown upon exposure to the air ; 
protoxide of iron. Confirin with ferricyanide of potas- 
sium (§ 110). 

bb. A precipitate of a light greenish tint is produced, which 
does not change color: nickel. Confirm with ammonia, 
and addition of potassa or soda (§ 108). 

co. A sky-blue precipitate is formed, which turns to a light- 
red upon boiling, or is discolored and acquires a dark tint : 
cobalt. Confarm by the blowpipe (§ 109). 
ß. The precipitate is not black. 58 

aa. Jf the precipitate is distinctly flesh-colored it con- 
sists of Sulpiride of manganese, and is consequently indicative 
of protoxide of manoanese. To confirm, add soda to 
the original Solution, or test before the blowpipe (§ 107). 

bb. I'f the precipitate is bluish-green, it consists of hydrated 
sesquioxide of chromium, and is consequently indicative of 
ßESQUioxiDE of chromium. To confirm, test the original 
Solution with soda, before the blowpipe (§ 102). 

cc. If the precipitate is white, and does not dissolve on 59 
warming with more sulphide of ammonium,? it may consist of 
hydrate of alumina, hydrate of silicic acid, or sulpfiide of zinc, 
and may accordingly point to alumina, oxide of zinc, or sili- 
cic acid ; the latter, in that case, is generally contained in the 
original Solution as an alkaline Silicate. To distinguish be- 
tween these three bodies, add soda cautiously to a portion of 
the original Solution, and wait to see whether this produces a 
precipitate ; then add more soda until the precipitate formed 
is re-dissolved. 

aa. If Solution of soda fails to produce a precipitate, 60 
there is reason to test for silicic acid. For tuatpurpose 
evaporate a portion of the original Solution with excess of 
hydrochloric acid to dryness, and treat the residue with 
hydrochioric acid and water (§ 150, 2), when the silicic acid 
will be left undissolved. Determine the nature of the alkali 
which has been dissolved as directed 65« 
ßß. If soda produces a precipitate, which re-dissolves in 

* With regard to alumina and raany of these metala, the above conclnsion does 
not hold good in the presence of organio matter, eapecially of non-volatile organic 
aoids. In this case and if the prelimin try examination pointed to one of the metala 
of the third or fourth group, fuse a portion of the original sabstance with carbonate 
and nitrate of soda, soak the fusion in water, add hydrochloric acid, heat, filter, and 
test the Solution so obtained aocordtng to 56. 

t Sesquioxide of iron would have been found already in 51. 

X A white precipitate produced by sulphide of ammonium and soluble in excess on 
warming would consist ot aulphur. And sulphur might be separated here by such a 
body as a ferricyanide. 
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excess, add to a portion of this alkaline fluid a Utile sulphu- 
retted hydrogen water (i.e., so that a considerable excess 
of the soda may remain unchanged). A white precipitate 
indicates zinc. Confirm by cobalt Solution before the 
blowpipe (§ 106). If sulphuretted hydrogen produces no 
precipitate, add chloride of ammonium to the rest of the 
alkaline fluid and heat. A white precipitate insoluble in 
excess of chloride of ammonium indicates alumina. 
Confirm by cobalt Solution before the blowpipe (§ 101). 

Note to 58 ond 59- 

As very slight contaminations may impair the distinctness of the 
tints exhibited l>y the precipitates considered in 58 and 59, it is advi- 
sable, in all cases where the least impurity is suspected, to adopt the 
following method for the detection of manganese, chromiuni, zinc, 
alumina, and silieic acid. 

Add Solution of soda to a portion of the original Solution, first 
in small quantity, then in excess. 

aa. No precipitate isformed: silicic acid may be assumed 61 
to be present ; proceed as directed 60. 

bb. A whitish precipitate isformed, which does not redissolve 
in an excess of the precipitant, and speedily turns blackish- 
brown upon exposure to the air : manganese. Confirm by 
the blowpipe (§ 107). 

cc. A precipitate isformed, which redissolves in an excess of 
the precipitant: sesquioxide of chromium, alumina, 

OXIDE OF ZINC. 

aa. To a portion of the alkaline Solution add a little hy- 
drosulphuric acid water (i.e., so that a considerable excess 
of the soda may remain unchanged). A white precipitate 
indicates zinc. 

ßß. If the original Solution is green or violet, or the 
alkaline Solution is green, and if the precipitate produced 
by soda and redissolved by excess was of a bluish color, 
sesquioxide of chromium is present. To confirm, heat 
the alkaline Solution to boiling or try the reactdon before 
the blowpipe (§ 102). 

yy. Add chloride of ammonium to the alkaline Solution 
and heat. A white precipitate insoluble in excess of chlo- 
ride of ammonium indicates alumina. Confirm by cobalt 
Solution before the blowpipe (§ 101). 

4. Add to a portion of the original Solution chloride of ammo- 62 
nium and carbonate of ammonia, mixed with some ammonia, and 
heat gently. 

a. No precipitate is formed : absence of baryta, stron- 
tia, and lime. Pass on to 64- 

b. A precipitate is formed : presence of baryta, stron- 63 
tia, or lime. Filter off the precipitate, wash it, dissolve it in 
dilute hydrochloric acid, evaporate the Solution to dryness, warm 
the residue with water, filter and add to a portion of this Solu- 
tion a large quantity of Solution of sulphate of lime. 

a. The Solution does not become turbid, even öfter the lapse of 
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ßve or ten minutes: Li me. Confirm with Oxalate of ammo- 
nia (§ 97). 

ß. The Solution becomes turbid, but only öfter the lapse of some 
time: strontia. Confirm by the flame-coloration (§ 96, 
7 or 8). 

•y. A precipitate is immediately formed : BARYTA. Confirm 
with hydrofluosilicic acid (§ 95). 

5. Mix that portion of the Solution in which carbonate of am- 64 
monia has, after previous addition of chloride of ammonium, failed 

to produce a precipitate (62), with phosphate of soda, add more 
ammonia, and rub the sides of the vessel with a glass rod gently. 

a. No precipitate is formed : absence of magnesia. 
Pass on to 65« 

b. A CRYSTALLINE PRECIPITATE 18 PORMED : MAGNESIA. 

6. Evaporate a drop of the original Solution on perfectly clean 65 
platinum-foil as slowly as possible, and gently ignite the residue. 

a. TlIERE IS NO FIXED RESIDUE LEFT. Testfor AMMONIA, 

by adding to the original Solution hydrate of lime, and observ- 
ing the odor and reaction of the escaping gas, and the fumes 
which it forms with acetic acid (§ 91). 

b. There is a fixed residue left : potassa or soda. 66 
Add bichloride of platinum to a portion of the original Solution 
(having lirst evaporated it to a very small bulk if dilute), and 
shake the mixture or rub with a glass rod. 

a. No preeifntate is formed, not even after ten orßfteen minutes : 
soda. Confirm with the flame coloration or with antimonate 
of potassa (§ 90). 

/3. A yellow crystallina precipitate is formed : potassa. Con- 
firm with tartaric acid or the Harne coloration (§ 89). 

Simple Compounds. 

a. substances boluble in water. detection of the 

Acid. 

I. Detection of Inorganie Aeids. 

§ 183. 

Reflect in the first place which of the inorganie aeids form solu- 
ble Compounds with the detected base (compare Appendix IV.) and 
bear this in mind in your subsequent Operations, giving due regard 
also to the results of the preliminury examination. 

1. Arsen ious acid and arsenic acid have already been 67 
found in the detection of the base. They are distinguished from 
each other by their reaction with ni träte of silver, or with potassa 
and sulphate of copper (see § 134, 9). 

2. The presence of carbonic acid in combination with bases, 68 
sulphur in combination with metals, and chromic acid, has been 
also indicated already in the detection of the base. The two former 
betray their presence by effervescing upon the addition of hydro- 
chloric acid ; the escaping gases may be distinguished from one 
another by the smell. The presence of carbonic acid may be con- 

i. R 
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firmed by lime water (see § 149), and that of hydrosulphnric acid 
by acetate of lead (§ 160). Free carbonic acid and free hydrosul- 

?huric acid in aqueous Solution may be detected by the same reagents. 
'he presence of chromic acid iß invariably indicated by the yellow 
or red tint of the Solution, as well as by the transition of the red 
or yellow color to green, and the Separation of sulphur, upon the 
addition of hydrosulphuric acid water. Confirm with acetate of 
lead and nitrate of silver (§ 138). 

3. Acidify a portion of the Solution with hydrochloric acid, or 69 
— if oxide of silver or suboxide of mercury has been found — with 
nitric acid, and add chloride of barium or nitrate of baryta as the case 
may be. Should a gelatinous precipitate of silicic acid form on ad- 
dition of hydrochloric acid, repeat the experiment after having 
diluted the fluid considerably. In this case it is also best to add 
the acid all at once and not gradually, compare § 150, 2. 

a. The fluid remains cleak. Absence of sulphuric 
acid. Pass on to 70- 

b. A PRECIPITATE 18 TRODÜCED, IN FORM OP A FINE 

white powder : sulphuric acid. The precipitate must 
remain undissolved even after further addition of dilute hydro- 
chloric or nitric acid. 

4. Add Solution of sulphate of lime to another portion of the 70 
Solution (which, if it has an acid reaction, must first ue neutralized, 

or made slightly alkaline, by ammonia, and if necessary, filtered). 

a. No precipitate is formed : absence of phosphoric 
acid, silicic acid, oxalic acid, and Huorine. Pass on to 73- 

b. A precipitate is formed. Add acetic acid in excess. 71 
a. The precipitate redissolves readüy : phosphoric acid 

or silicic acid. Evaporate a portion of the original Solu- 
tion, after acidifying with hydrochloric acid, to dryness, and 
treat the residue with some hydrochloric acid and water. If 
an insoluble residue is left, it consists of silicic acid. If no 
residue remains, mix a sample of the original Solution with 
chloride of ammonium, sulphate of niagnesia, and ammonia. 
A crystalline precipitate shows the presence of phosphoric 
acid (§ 14'J). 

ß. The precipitate remains undissolved or dissolvcs with 72 
diflicnlty : oxalic acid or fluorine. Oxalate of lime is 
pulverulent, iluoride of calcium flocculent and gelatinous. 
If oxalic acid is suspected, confirm by treating" the original 
substance with binoxide of manganese and sulphuric acid 
(§ 145). If Üuorine is suspected, confirm by applying the 
etching test to the original substance (§ 146). 
6. Acidify a fresh portion of the Solution with nitric acid, and 73 
add Solution of nitrate of silver. 

a. The fluid remains clear. This is a proof of the 
absence of chlorine, bromine, lodine, ferrocyanogen, and ferri- 
cyanogen; the absence of cyanogen (in simple cyanides) is also 
probable. (Of the soluble cyanides, Cyanide of mercury is not 
precipitated by nitrate of silver ; if, therefore, in detection of 
the base mercury has been found, Cyanide of mercury may be 
present. For tue manner of detecting the cyanogen in the 
iatter see § 155, 11.) Pass on to 76* 
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b. A PRECPITATE 18 "FORMED. 

a. The precipitate is orange : ferricyanogek. Confirm 74 
with sulphate of iron (§ 155, Appendix). 

ß. The precipitate is white or ycllowüh-white. Treat the 
precipitate with ammonia in excess — immediately, if the base 
was an alkali or an alkaline earth— after filtering* and 
washing, if the base was an earth or the oxide of a neavy 
metal. 

aa. The precipitate is not dissolved : iodine or ferro- 
cyanooen. In the former case the precipitate is pale 
yellow, in the latter white and gelatinous. Confirm for 
iodine with starch and hyponitric acid (§ 154), for 
ferrocyanogen with sesquichloride of iron (§ 15ö ; Ap- 
pendix). 

ßß. The precipitate is dissolved : chlorine, bromine, 75 
or cyanooen. If the original substance smells of hydro- 
cyanic acid, and the silver precipitate dissolves with some 
dinHculty in ammonia, cyanogen is indicated. Confirm 
by addin«* to the original Solution sulphate of iron, soda, 
and then hydrochloric acid (§ 155). If addition of chlorine- 
water imparts a yellow tint to the original Solution, bro- 
mine is indicated ; if the bromine is present only in sraall 
proportion, Chloroform or bisulphide of carbon must be used 
in conjunction with the chiorine-water (§ 153). In the 
proved absence of both bromine and cyanogen the precipi- 
tate shows the presence of chlorine. 

6. Add to a small portion of the aqueous Solution hydrochloric 76 
acid, drop by drop, until a distinct acid reaction is just imparted 

to the fluid, then dip in a slip of turmeric-paper, take it out and 
dry it at 100°. If the dipped portion looks brownish-red, boracic 
acid is present. Confirm by adding sulphuric acid and alcohol, and 
setting fi re to the latter (§ 144). 

7. With regard to nitric acid and chloric acid, theseare 77 
usually discovered in the preliminary examination (6)- Confirm for 
the former with sulphate of iron and sulphuric acia (§ 159) ; for the 
latter by treating the solid salt with concentrated sulphuric acid, 

(§ 100). 

Simple Compounds. 

A. Sübstances soluble in Water. Detection of the Acid. 

II. Detection of Organic Acids. 

§ 184. 

Consider, in the first place, which of the organic acids form solu- 
ble Compounds with the detected base (compare Appendix IV.), and 
bear this in mind in your subsequent Operations, giving due regard 
also to the results of the preliminary examination. 

The following course presupposes the organic acid to be present 
in the free State, or in combination with an alkali or an alkaline 
earth. If the detected base belongs to another group, therefore, it 
must first be removed. Where the Dase belongs to group V. or group 

r 2 
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VI. the removal is efFected by hydrosulphuric acid, where it belongs 
to group IV. by sulphide of ammonium. After filterin? off the 
sulphides, and removing tbe excess of sulphide of ammonium by aeidi- 
fying with hydrochloric acid, heating, and filtering off the sulphur, 
proceed to 78- Where the base is aiumina or sesanioxide of cbro- 
mium, try first to precipitate these substances by ooiling with car- 
bonate of soda ; should this fail, as it will where the acid is non-volatile, 
precipitate the latter in a fresh portion of the Solution with neutral 
acetate of lead, wash the precipitate, diffuse it through water, pass 
hydrosulphuric acid, filter off tbe sulphide of lead and treat the fil- 
trate as airected below. Aiumina may also be precipitated from its 
Compounds with non-volatile organic acids by Solution of soluble 
glass, as Silicate of aiumina. To separate acetic or formic acid frorn 
bases which lie in the way of their detection, you may also distil the 
aalt with dilute sulphuric acid. 

1. Add ammonia to a portion of the aqueous Solution to &light 78 
alkaline reaction, then chloride of calcium in sufficient quuntity. If 
the Solution was neutral, or only slightly acid, add chloride of am- 
monium before adding the chloride of calcium. 

a. NO PRECIPITATE 18 FORMED, EVEN AFTER SHARING 
THE FLUID AND AFTER THE LAPSE OF A FEW MINUTES: 

absence of oxalic acid and tartaric acid. Pass on to 80« 

b. A PRECIPITATE IS FORMED. 79 

a. The precipitate takes some time to form and is cry stalline : 
tartaric acid. Confirm by testin <r the behavior of the 
washea precipitate with soda or with ammonia and nitrate 
of silver, or by testing the aqueous Solution with acetate of 
potassa and acetic acid (§ 163). 

ß. The precipitate Jorms immediately and is finely pulverulent : 
oxalic acid. Confirm by acidifyinga fresh portion of the 
aqueous Solution with acetic acid and adding Solution of sul- 
phate of lime (§ 145). 

2. Heat the fluid of 1, a, to boiling, keep at that temperature for 80 
some time, and add some more ammonia to the boiling fluid. 

a. It remains cleak : absence of citric acid. Pass on to 

81. 

b. IT BECOME8 TURBID, AND DEPOSITS A PRECIPITATE : 

citric acid.* Confirm by preparing the lead salt, washing it, 
and testing its deportment with ammonia, in which it readily 
dissolves ; or preferably by preparing the characteristic baryta 
salt and examining it with the microscope (§ 164). 

3. Mix the fluid of 2, a, with 2 volumes of alcohol. 81 

a. It remains clear even after long standing : absence of 
malic and succinic acids. Pass on to 82* 

b. A precipitate is formed : malic or succinic acid. 
Heat a portion of the original solid suhstance with nitric acid, 
evapcrate to dryness altogether, boil the residue with Solu- 
tion of carbonate of soda, filter if necessary, neutralize exactly 
with hydrochloric acid and testone portion of this Solution with 

* If the ammonia contains carhonie acid, a precipitate of carbonate of lime may 
form bere. Such a precipitate may be readily distinguiahed from citrate of lime by 
hydrochloric acid. 
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sulphate of lime ; another portion with sesquichloride of iron. 
A precipitation (of Oxalate of lime) by the former indicates malic 
acid ;* a precipitation by the latter indicates succinic acid. For 
further confirmation prepare the lead salt of the acid and exa- 
mine its nroperties, compare § 165, 5, and § 168, 5. 
4. Neutralize a portion of the original Solution completely (if not 82 

already absolutely neutral) with ammonia or hydrochloric acid, and 

add sesquichloride of iron. 

£. A REDDISH YELLOW BÜLKY PRECIPITATE FORMS : 

benzoic acid. Confirm by treating the original dry sub- 
stance with hydrochloric acid (§ 169, 2). 
b. The liquid acquires a rather intense deep red 83 

TINT, AND, ÜPOKT BOILINO, A LIGHT REDDISH-BROWN PRE- 
CIPITATE separates : acetic acid or formic acid. If the 
original substance is a solid, warm a portion with sulphuric 
acid and alcohol (§ 171). If the original substance is a fluid, 
having neutralized a portion with soda in case it is acid, 
evaporate it to dryness, and test the residue. The odor of 
acetic ether indicates acetic acid. 

If you do not detect acetic acid, you may conclude that the 
substance contains formic acid : coniirm with nitrate of silver 
and chloride of mercury (§ 172). 

Simple Compounds. 
B. Substances iysoLUBLE or sparinoly soluble 'in Water, 

BÜT SOLUBLE IN HYDROCHLORIC AciD, NlTRIC ÄCID, OR 
NlTRO-HYDROCHLORlC AdD. 

Detection of the Base.f 
§ 185. 

Dilute a portion of the Solution in hydrochloric acid, nitric acid, 84 
or nitro-hydrochloric acid with water,t and proceed to examin e for 
b'ases of the 8econd,ßfth, and sixth groups according to § 182, begin- 
ning at 46 if the solvent was nitric acid, at 50 if the solvent con- 
tained hydrochloric acid. It is to be noted here that hydrochloric 
acid when used as a solvent does not usually alter the State of oxi- 
dation of the base present, whiie nitric acid and nitro-hydrochloric 
acid generally have the effect of more or less oxidizing the base 
where this is possible. Hence when oxide of mercury, binoxide of 
tin, or sesquioxide of iron is found, and nitric or nitro-hydrochloric 
acid has been used for dissolving, you must examine tne original 
substance specially to see in what State the metal is actually present, 
if this is not at once evident from the solubility. In the case of 
mercury salts for instance, treatment with soda would decide which 

* Compare end of § 165, 1. 

f Retard tu also had here to certain salts of the alkaline earths, as this oourse of 
examination leads directly to their detection. 

X If apon the addition of water the liquid becomes white and tarbid or deposits a 
white precipitate, this indicates antimony or bistnnth (possibly also tin). Compare 
§ 121, 9, and § 131, 4. Heat with hydrochloric acid until the fluid ha« beoon» olear 
agiain, then pasa to 50. 
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of the oxides were present, for this reagent separates yellow oxide 
from the salts of the oxide, and black suboxide from the salts of the 
suboxide. » 

In testing for bases of the third imdfourth ffnmps, with sulphide 
of ammonium, according to 56, the usual course is departed from. 
We bave seen (59), that if in cases where we have a substance 
soluble in water we obtain a white precipitate upon adding» 
chloride of ammonium, ammonia, and sulphide of ammonium, this 
precipitate can consist only of sulphide of zinc, alumixa, 
hydratk op silicic acid, or sulphur. But the case 18 diffe- 
rent if the body is insoluble in water, but dissolves in hydro- 
chloric acid; for in that case a white precipitate produced by 
ammonia, in presence of chloride of ammonium, may consist also of 

PHOSPHATES, BORATES, OXALATES, SILICATES OF THE ALKA LINE 

eakths or Fluorides of their metals, since all these 
bodies are insoluble in water, but dissolve in hydrochloric acid, and 
(being only sparingly soluble in chloride of ammonium) separate 
agnin upon neutralization of that acid. In the presence of organic 
substances, this precipitate may also proceed from Compounds 
of tartakio acid and ciTHic acid with several alkaline 

EARTH8. 

If, therefore, a white precipitate is produced upon testing an acid 
Solution, under the circumstances stated, and in pursuing the course 
laid down in § 182 (56), proceed as follows : — 

1. If the results of the preliminary examination have given you 85 
reason to suspect silicic acid (20), evaporaje a portion of the 
hydrochloric acid Solution to dryness, moisten the residue with 
hydrochloric acid and add water. If silicic acid is present, it will 
remain undissolved. De terra ine the base in the Solution as directed 
56 or 62, as the case may be. 

2. Add to a portion of the original hydrochloric acid Solution 86 
some tartaric acid, and after this ammonia in excess. 

a. No permanent precipitate is form ed : absence of 
the above enumerated salts of the alkaline earths. Mix another 
portion of the original Solution with soda in excess, and add to 
the one half of the clear fluid chloride of ammonium, to the 
other half a small quantity of Solution of hydrosulphuric acid. 
The formation of a precipitate in the former (insoluble in excess 
of the reagent) imlicates alumina; in the latter, zinc. 

b. A permanent precipitate is formed; presence of a 
salt of an alkaline earth. 

a. Bring a sample of the original substance, on a watch- 87 
glass, in coutact with a few drops of water, and some concen- 
trated sulphuric acid, and then add some binoxide of manganese 
free from carbonates. If evolution of carbonic acid takes place 
instautly, the salt is an Oxalate. To und the base, ignite a 
fresh sample, dissolve the residue in dilute hydrochloric acid, 
and examine the Solution as directed 62. 

ß. Add to a portion of the hydrochloric acid Solution am- 88 
monia until a precipitate forms ; then acetic acid until this is 
redissolved ; lastly, acetate of soda, and a drop of sesqui- 
chloride of iron : the formation of a white flocculent precipi- 
tate indicates phosphoric acid. Add now some more 
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sesquichloride of iron until the fluid has acquired a distinct 
red color, boil, fi lter boiling, and (after having removed, by 
aniinonia, the iron which may have been dissolved) test the 
fil träte, now free from phosphoric acid, for the alkaline earth 
with which the phosphoric acid was conibined, as directed 62- 

y. Boracic acid is detected in the weak hydrochloric acid 89 
Solution by turmeric-paper (§ 144), and the base combined 
with it, by boiling" a portion of the original substance with 
water and carbonate of soda, filterin?, washing, dissolving the 
carbonate formed in the least possible amount of dilute hy- 
drochloric acid, evaporating the Solution to dryness, treating 
the residue with water, filtering if required, and testing ac- 
cording to 62* 

d. Test for fluorine, by heating a portion of the ori- 
ginal substance, or of the precipitate produced in the hydro- 
chloric acid Solution by ammonia, with sulphuric acid (§ 146). 
After removal of the fluorine, ascertain the nature of the 
alkaline earth which you have now in the residue, in combi- 
nation with sulphuric acid. 

c. Tartaric acid or citric acid could only be present 
if the substance carbonized when ignited in the glass tube. 
The base is in that case found according to 87 and the acid 
according to § 187. 

Simple Compounds. 

B. SuBSTANCES INSOLUBLE OR SPARINGLY SOLÜBLE IN WATER, 

but soluble in Hydrochloric Acid, Nitric Acid, or NlTRO- 

HYDROCHLORIC ACID. 

Detection ofthe Acid. 
I. Detection of Inorganic Acids. 

§186. 

1. Chlorig acid cannot be present, since all chlorates are 90 
soluble in water; nitric acid, which may be present in form of a 
basic salt, must have been revealed already by the ignition of the 
substance in a glass tube, and so must cyanogen (8). For the 
analysis of the cyanidbs insoluble in water see § 204. The results 

of the test with phosphate of soda and ammonia will have directed 
attention to the presence of silicic acid. Evaporation ol the 
hydrochloric acid Solution to dryness, and treatment of the residue 
with hydrochloric acid and wuter, will remove all doubt on this 
point. 

2. Arsenious and arsenic acid,* carbonic acid, chro- 91 
mic acid and sulp hur in the form of metallic sulphides, would 
have been already detected in the preliminary examination, in the 
process of Solution, or in the examination for the base. Chromic 
acid would have been indicated by the yellow or red color of 
the substance, by the evolution of chlorine on boiling with hydro- 

* Hydroeulphuric acid is the best reagent to distinguish between arsenious and 
arsenic acid in Compounds insoluble in water but soluble in hydrochloric acid, 
§ 184, 9. 
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chloric acid and by the subsequent detection of sesquioxide of chro- 
mium in the Solution. Its presence is confirmed by Aising» with 
carbonate of soda (§ 138). 

3. Boil a portion of tbe substance with nitric acid. 92 

a. If nitric acid is evolved, and sulphur separates, this is 
confirmative of the presence of a metallic sulphide. 

b. If violet vapors escape, the Compound is a metallic 

IODIDE.* 

c. If reddish-brown fumes of a chlorine-like smell are evolved, 
the Compound is a metallic bromide,* in which case the fumes 
will color starch yellow (§ 153). 

4. Dilute a small portion of the nitric acid Solution — or of the 93 
fil träte of this Solution, should the nitric acid have left an undis- 
solved residue — and add nitrate of silver. A white precipitate, which, 
after washing, is soluble in ammonia, and fuses without decomposi- 
tion when heated, indicates chlorine.* 

5. Boil a portion of the substance with hydrochloric acid, filter 94 
if necessary, dilute with water, and add chloride of barium. A white 
precipitate, which does not redissolve even upon addition of a large 
quantity of water, indicates sulfhuric acid. 

6. Test for boracic acid as directed § 144, 6. 95 

7. If none of the acids enumerated from 1 tu 6 are present, there 
is reason to suspect the presence of phosphoric acid, oxalic 
acid, or fluorine, orthe total absence of acids. To the presence 
of oxalic acid your attention will have been called already in the 
course of the preliminary examination (8). Phosphoric acid and 
fluorine have been found already if they were combined with an al- 
kaline earth, and also oxalic acid, if combined with baryta, strontia, 
or lime, 87 to 89 ; * ne y nee( * therefore here be tested for only where 
the examination has revealed the presence of sonie other base. To 
that end precipitate the base, if belonging to Group V. or VI., with 
hydrosulphunc acid, or if belonging to Group IV., with sulphide of 
ammonium, and filter. If you have precipitated with sulphide of 
ammonium, add to the filtrate hydrochloric acid to acid reaction, 
expel in either case the hydrosulphuric acid by boiling, and filter if 
necessary. Test a portion of this Solution for phosphoric acid, oxalic 
acid, and fluorine, as directed 70* If the base was alumina or ses- 
quioxide of chromium or magnesia, test for phosphoric acid with 
molybdate of ammonia in the nitric acid Solution of the substance 
(§ 142, 10) ; for oxalic acid with binoxide of mang-anese and sulphurio 
acid (§ 145) ; for fluorine with sulphuric acid (§ 146). 

* It i sometimes more cofivenient, as for instaooe in the case of sabiodide, sab- 
bromide and subchloride of mercury, to test for tbe halogen by boiling the aubstanoe 
with soda, filtering, and testing the filtrate according to 73. 
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Simple Compounds. 

B. SÜBSTANCES INSOLÜBLE OR SPARINGLY SOLUBLE IN WATER, 

BÜT SOLUBLE IN ACIDS. 

Detection of the Acid. 
II. Detection of Organic Acids. 

§ 187. 

1. Förmig acid cannot be present, as all the formates are 96 
soluble in water. 

2. Acetic acid has been revealed already in the preliminary 
examination, by the evolution of acetone. Confirm with sulphuric 
acid and alcohol (§ 171). 

3. Benzoic acid is usually detected by its separating on Solu- 
tion of the substance in hydrochloric acid, or when the hydrochloric 
Solution cools. Confirm by washing and drying the precipitate and 
tlien subliming it. 

4. Boil a portion of the substance for some time with Solution of 97 
carbonate of soda in excess, and filter hot. You have now, in most 
cases, the organic acid in Solution in combination with soda. Aci- 
dulate the Solution slightly with hydrochloric acid, expel the car- 
bonic acid by heat, and test as directed § 184. With bases of the 
fourth group, and also in presence of oxide of lead, this mode of 
Separation is not completely successful. In exceptional cases of the 
kind add to the filtrate, after boiling with carbonate of soda, sul- 
phide of ammonium until the whole of the metallic oxide is thrown 
down, filter and proceed as above. 

Simple Compounds. 

c. sübstances insolüble or sparinoly soluble in water, 
Hydrochloric Acid, Nitric Acid, and Nitro-hydro- 
chloric Acid. 

Detection of the Base and the Acid. 

§ 188. 

Under this head we have to consider the following substances as 98 
the only bodies likely to be met with, viz. — sulphate of baryta, 

SULPHATE OF STRONTIA, SULPHATE OF LIMB, FLUORIDE OF 

calcium, silica, strongly ignited or native alumina, sulphate 
of lead, Compounds of lead with chlorine and BROM ine ; 
Compounds of silver with chlorine, bromine, iodine, and 
cyanooen ; ignited or native binoxide of tin, ignited ses- 
quioxide of chromium, and lastly sulphur and carbon. 
For the simple Silicates I refer to § 205, for the ferro- and ferri- 
cyanides to § 204. Whether or no these latter Compounds are to be 
suspected, you will have learnt from the preliminary examination. 

Sulphate of lime and chloride of lead are not altojrether insoluble 
in water, and sulphate of lead may be dissolved in hydrochloric 
acid. However, as these Compounds are so sparingly soluble that 
complete Solution of them is seldom effected, they areincluded here 
also to ensure their detection, should they have been overlooked 
in the examination of the aqueous or acid Solution. 
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1. Free sulphur must have been detected already in the pre- 
liminary examination. 

2. Carbon is generally black ; it is insoluble in aqua regia ; 
put on platinum foil, with the blowpipe flame playing upon the 
under side of the foil, it is consumed ;* by deflagration with nitrate 
of potassa it yields carbonate of potassa. 

3. Sesquioxide of chromium is green or blackish green and 
would have been previously detected in the microcosmic bead (18). 

4. Pour Sulpiride of ammonium over a very small quantity of 99 
the substance. 

a. It türns black ; this indicates a sah of lead or silver. 
a. The body fused in the glass tube without decomposition (3) * 

chloride of lead, bromide of lead ; chloride of silver, bromide 
of silver, iodide of silver. Fuse one part of the Compound 
with 4parts of carbonate of soda and potassa in a small por- 
celain crucible, let cool, boii the residue with water, and 
test the filtrate for chlorine, bromink, and iodine, as 
directed 73. Dissolve the residue, which consists either of 
metallic silver or oxide of lead, in nitric acid, and test 
the Solution as directed 46- 

ß. The body evolvcd cyanogen by ignition in the glass tube and 
left metallic silver behind: Cyanide of silver. 

y. The body remained unaltered by ignition in the glass tube : 
sulphate of lead. Boil a sample of it with Solution of 
carbonate of soda, filter, acidulate the filtrate with hydro- 
chloric acid and test with chloride of barium for sul- 
phuric acid ; dissolve the washed residue in nitric acid, 
and test the Solution with hydrosulphuric acid and with sul- 
phuric acid for lead. 

b. It remains white : absence of a salt of lead or silver. 100 
a. Test a portion for binoxide of tin with a borax 

bead colored slightly blue with oxide of copper (§ 129, 12). 

If a reddish brown to ruby red color is produced, confirm 

for the presence of tin by reducing a portion with carbonate 

of soda and Cyanide of potassium (§ 121), 11). 

ß. Trituratea small portion with tinely pulverized quartz, 

moisten the mixture in a small crucible with a few drops of 

strong sulphuric acid and warm gently. 

aa. White fumes are evolvid, which redden lümus, and 
render turbid a drop of water (§ 150, 6) : indicates Fluo- 
ride of calcium. Reduce a portion of the substance 
to a fine powder, decompose this in a platinum crucible 
with sulphuric acid, and try the reaction on glass 
(§ 146), to confirm the presence of fluorine ; boil 
the residue with hydrochloric acid, filter, neutralize the 
filtrate with ammonia, and test for lime with Oxalate of 
ammonia. 

bb. No fumes are evolved which redden litmus, and render 
turbid a drop of water. Mix a portion of the very finely 
pulverized substance with 4 times the quantity of pure 
carbonate of soda and potassa, and fuse in a platinum 

* Graphite rtquirai streng heating in a oarrent of oxygen. 
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crucible (or on platinum foil). Boil the fiised mass with 
water, filter should a residue be left, and wash the latter. 
Acidulate a portion of the filtrate with hydrochloric acid, 
and test with chloride of barium for sulphuric acid; 
and in case you do not find that acid, test another portion 
of the filtrate for silicic acid, by evaporating the fluid 
acidified with hydrochloric acid (§ 150, *J.) If silicic acid 
also is absent, dissolve the residue of the evaporation in 
hydrochloric acid and test with aminonia for alumina. 

If the silicic acid was present in the pure State, 
the mass resulting* from the fusion with carbonate of soda 
and potassa must have dissolved in water to a clear fluid ; 
but if Silicates also happened to be present, the bases of 
them are left behind undissolved, and may be further 
examined. 

In the absence of alumina you cannot expect the 
fusion to dissolve completely in water unless you have 
employed a large quantity of the flux and a high tem- 
perature. 

If sulphuric acid has been found, the alkaline earth 
which was combined with it is found on the filter as a 
carbonate. Wash this, then dissolve in dilute hydro- 
chloric acid, evaporate to dryness, take up with water, 
and test for baryta, strontia, and lime, as directed 
62. 

Complex Compounds,* 

A. SüBSTANCES SOLUBLE IN WaTEB, AND ALSO SUCH AS ARE 
INSOLUBLE IN WaTER, BÜT DISSOLVE IN HYDROCHLORIC 

Acid, Nitric Acid, or Nitro-hydrochloric Acid. 

Detection of the Bases. ^ 

§ 1894 

(Treatmcnt with Hydrochloric Acid: Detection of Silver, Suboxide 

of Mercury \Lea£\!) 
The systematic course for the detection of the bases is essen- 101 
tiallv the same for bodies soluble in water, as for those which are 
soluble only in acids. Where the different nature of the original 
Solution occasions a Variation in the course of analysis, such Varia- 
tion will be distinctly stated. 

I. Solution in Water. 

Mix the portion intended for the detection of the 102 
bases with some hydrochloric acid. 

* I use this term to designate Compounds in which all the more frequenÜy oocur- 
ring bases, acids, metals, and metalloids are supposed to be present. 

t Consult the explanatioos in the Third Section, with the contents of which you 
should make yourself thoroughly acquainted before prooeeding further. Regard is 
here bad also to the preteooe of the acids of arsenic, and of those salts of the alkaline 
earths which dissolve in hydrochloric acid, and separate again from that Solution un- 
altered upon neutralisMion of the acid by ammonia. 

% Consult the remarks in the Third Section« 
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1. The SOLUTION HAD an acid or neutral reaction pre- 

VIOUSLY TO THE ADDITION OF THE HYDROCHLOR1C ACID. 

a. No precipitate 18 formed : this indicates the absence 
of silver and suboxide of mercury. Pass on to § 190. 

b. A precipitate 18 formed. Add more hydrochloric 
acid, drop by drop, until the precipitate ceases to increase ; 
then add about six or eight drops more of hydrochloric acid, 
shake the mixture and nlter. 

The precipitate produced by hydrochloric acid may con- 
sist of cliloride of silver, subchloride of mercury, chloride of 
lead, a basic salt of antimony, basic chloride of bismuth, meta- 
chloride of tin, possibly also benzoic acid. The basic salt of 
antimony and the basic chloride of bismuth, however, redis- 
solve in the excess of hydrochloric acid ; consequently, if the 
instructions given have been strictly followed, the precipitate 
collected upon the iilter can consist only of chloride of silver, 
subchloride of mercury, or chloride of lead (possibly also of the 
very rare metachloride of tin and benzoic acid, which, however, 
are disregarded here). 

Wash the precipitate collected upon the filter twice with. 
cold water, add the washings to the filtrate, and examine the 
Solution as directed § 190, even though the addition of the 
washings to the acid filtrate should produce turbidity in the 
fluid (which indicates the presence of Compounds of antimony 
or bismuth, or possibly also of metachloride of tin). 

Treat the twice-washed precipitate on the filter as follows : 103 

a. Pour hot water over it upon the filter, and test the 
fluid running off with hydrosulphuric acid and with sulphu- 
ric acid for lead. (The non-fbrmation of a precipitate 
simply proves that the precipitate produced by hydrocnloric 
acid contains no lead, and does not by any means establish 
the total absence of this metal, as hyarochloric acid fails to 
precipitate lead from dilute Solutions.) If the hydrochloric 
acid precipitate contains chloride of lead, wash it several 
times with hot water to dissolve out the lead. 

ß. If there is a residue remaining on the filter, treat it 
with ammonia. If this changes its color to black or gray, it 
is a proof of the presence of suboxide of mercury. 

y. Add to the ammoniacal fluid running off in ß nitric 
acid to strongly acid reaction. The formation of a white, 
curdy precipitate indicates the presence of silver.* (If 
the precipitate still contained lead, the ammoniacal Solution 
generally appears turbid, owing to the Separation of a basic 
salt of lead. This, however, does not interfere with the 
testing for silver, since the basic salt of lead redissolves upon 
the addition of nitric acid.) 

2. The original aqueous Solution had an alkaline 104 
reaction. 

a. The addition of hydrochloric acid to strongly 

ACID REACTION FAILS TO PRODUCS EVOLUTION OF GAS OR A 

* If the qtutntity of silver is only very smail, its presenoe is indicated by 
of the fluid» 



§ 189.] COMPLEX COMPOUNDS— DETECTION OP BASES. 258 

PRECIPITATE, OR THE PRECIPITATE WHICH FORMS AT 
FIRST REDISSOLVES UPON FURTHER ADDITION OF HYDRO- 

chloric acid : pass on to § 190. 

b. The addition of hydrochloric acid produces a 

PRECIPITATE WHICH DOE8 NOT REDISSOLVE IN AN EXCE8S 
OF THE PRECIPITANT, EVEN UPON BOILINO. 

a. The formation of the precipitate is attended neither nrith 105 
evolution of hydrusulphuric acid nor of hydrocyanie acid. Filter, 
and treat the fil träte as directed § 190. 

aa. The precipitate is white. It may, in that 
case, consist of a salt of lead or silver, insoluble or diffi- 
cultly soluble in water and hydrochloric acid (chloride 

OF LEAD, 8ULPHATE OF LEAD, CHLORIDE OF SILVER, 

&c), or it may be hydrate of silicic acid. Test it 
for the bases and acids of these Compounds as directed 
§ 203, bearing in mind that the chloride of lead or chlo- 
ride of silver which may be found may possibly have been 
formed in the process. 

bb. The precipitate is yellow or orange. In 
that case it may consist of sulphide of arsenic, and 
if the fluid from which it has separated was not boiled 
long 1 , or only with very dilute hydrochloric acid, also of 

SULPHIDE OF ANTIMONY, or BISULPHIDE OF TIN, which 

substances were originally dissulved in ammonia, potassa, 
soda, phosphate of soda, or some other alkaline fluid, 
with the exception of alkaline sulphides and cyanides. 
Examine the precipitate, which may also contain hydrate 
of silicic acid, as directed 40- 

ß. The formation of the precipitate is attended with evolution of 106 
hydrosulphuric acid, but not of hydrocyanie acid* 

aa. The precipitate is of a pure white color, 

AND CONSISTS OF SEPARATED SULPHUR. In that Case 

a sulphuretted alkaline sulphide is generally 
present. The presence of such a body may be detected 
also by the yellow or brownish-yellow color of the 
alkaline Solution, and the odor of hydride of sulphur, 
which accompanies that of the sulphuretted hy drohen on 
the addition of an acid. Boil, filter, and treat the filtrate 
as directed § 194, the precipitate as directed § 203. 

bb. The precipitate is colored. In that case you 
may conclude that a metallic sulphur salt is present, 
i.e., a combination of an alkaline sulphur base with a 
metallic sulphur acid. The precipitate may accordingly 
consist of tersulphide of qold, bisulphide of pla- 

TINUM, BISULPHIDE OF TIN, SULPHIDE OF ARSENIC, 

or sulphide of antimony. It might, however, consist 

also of SULPHIDE OF MERCURY or of SULPHIDE OF COP- 

per or sulphide of nickel, or contain these substan- 
ces, as the former will dissolve readily in sulphide of 

* Should the odor of the evolved gas leave any doubt regarding the actaal presence 
or abseuce of hydrocyanie acid, add some Chromate of potassa to a portion of the fluid, 
previousiy to the addition of the hydrochloric acid. 
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potassium, and in sraall quantities in sulphide of ammo- 
nium, and the latter are slightly soluble in sulphide of 
ammonium. Filter, and treat the filtrate as directed § 1 94, 
the precipitate as directed 40* 

y. The formation of the precipitate is attended with evolution of 107 
hydrocyanic acid, with or without simultaneous disengagement of 
hydrosulphuric aeid, This indicates the presence of an alka- 
line Cyanide, and, if the evolution of the hydrocyanic 
acid is attended with that of hydrosulphuric acid, also of an 
alkaline sulphide. In that case the precipitate may, besides 
the Compounds enumerated in a and ß, contain many other 
substances (e.g., Cyanide of nickel, Cyanide of silver, &c). 
Boil, with fiirther addition of hydrochloric acid, or of nitric 
acid, until the whole of the hydrocyanic acid is expelled, 
and treat the Solution, or, if an undissolved residue has been 
left, the filtrate as directed §190; and the residue (if any) 
according to § 203 or § 204. 

C. THE ADDITION OF HYDROCHLORIC ACID FAILS TO 108 
PRODUCE A PERMANENT PRECIPITATE, BUT CAUSES EVO- 
LUTION OF OAS. 

a. The escaping gas smells of hydrosulphuric acid : this indi- 
cates a SIMPLE ALKALINE SULPHIDE, Or SULPHUR 
SALT WITH ALKALINE OR ALKALINE EARTHY BASE. 

Proceed as directed § 194. 

ß. The escaping gas is inodorous : in that case it is Car- 
bon IC acid which was combined with an alkali. Pass 
on to § 190. 

y. The escaping gas smells of hydrocyanic acid (no matter 
whether hydrosulphuric acid or carbonic acid is evolved 
at the same time or not). This indicates an alkaline 
Cyanide. Boil until the whole of the hydrocyanic acid 
is expelled, then pass on to § 190. 

IL Solution in Hydrochloric Acid or in Nitrohydro- 

chloric Acid. 

Proceed as directed § 190. 

III. Solution in Nitric Acid. 

Dilute a small portion ; should this produce turbidity or a pre- 109 
cipitate (indicative of bismuth), add nitric acid until the fluid is 
clear again, then hydrochloric acid. 

1. No precipitate is formed. Absence of silver and 
suboxide of mercury. Treat the principal Solution as directed 
§190. 

2. A precipitate is formed. Treat a larger portion of 
the nitric acid Solution in the same way, filter, and examine the 
precipitate as directed 103, the filtrate as directed § 190. 
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§ 190.* 

(Treatment rvith Hydrosulphuric Acid. Precipitation of the Metallic 
Oxides of Group F., 2nd Division, and of Group VI.) 

Add to a small portion of the clear acid Solution 

HYDROSULPHURIC ACID WATER, UNTIL THE ODOR OF HYDRO- 
SULPHURIC ACID IS DISTINCTLY PERCEPTIBLE AFTER 8HAKINO 
THE MIXTURE, AND WARM ÜENTLY. 

1. No precipitate is formed, even after the lapse of some 110 
time. Pass on to § 194, for lead, bismuth, cadmium, copper, mer- 
cury, gold, platinum, antimony, tin, and arsenic, f are not present ;J 

the absence of sesquioxide of iron and of chromic acid is also indi- 
cated by this negative reaction. 

2. A precipitate is formed. 

a. The precipitate is of a pure white color, light, and finely Hl 
pulverulent, and does not redissolve on addition of hydro- 
chloric acid. It consists of separated sulphur, and indicates 

the presence of sesquioxide of iron.§ None of the other 
metals enumerated in HO can be present Treat the prin- 
cipal Solution as directed § 194. 

b. The precipitate is colored. 

Add to the largrer proportion of the acid or acidified U2 
Solution, best in a small flask, hydrosulphuric acid water in 
excess, i.e., until the fluid smells äistinctly of it affcer shaking-, 
and the precipitate ceases to increaseupon continued addition 
of the reagent ; apply a gentle heat, shake vigorously for 
some time, Alter, keep the fil träte (which contains the oxides 
present of Croups I. — IV.), for further examination accord- 
ing to § 194, and thoroughly wash|| the precipitate, which 
contains the sulphides of the metals present of Groups V. 
and VI. 

In many cases, and more particularly where there is any 
reuson to suspect the presence of arsenic, it will be found 
more convenient to transmit hydrosulphuric acid gas 
through the Solution diluted with water, instead of 
adding" hydrosulphuric acid water. When arsenic is sus- 
pectea it is also well to keep the fluid at about 70° during- 
the transmission of the gas. 

* Con8ult tbe remarks in the Tbird Section. 

f Where tbe preliminary examination has led you to suspect the presence of arsenic 
acid, you must endeavour to obtain the niost conclunive evidence of the absence of this 
acid ; this may be done by allowing the fluid to stand for some time at a gentle heat 
(about 70°), or by heating it with sulphurous acid previoua to the addition of the 
hydrosulphuric acid. (Compare § 133, 3.) 

X In Solutions containin«; inuch free acid the precipitate« are frequently formed 
only affcer dilution with water. 

§ Sulphur will precipitate also if sulphurous acid, or iodic acid, or broraio acid is 
present (which substances are not im-luded in our analytical course), and also if chromic 
acid, or chloric acid, or free chlorine is present. In presence of chromic acid the Sepa- 
ration of the sulphur is attended with reduction of the acid to sesquioxide of chromium, 
in consequence of which the reddish-yellow color of the Solution cbanges to green. 
(Compare § 138.) The white sulphur suspended in the green Solution looks at first 
Kke a green precipitate, which frequently tends to mislead beginners. 

I) Compare § 7. 
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If the precipitate is Yellow, it consists principally of 113 
sulphide ofarsenic, bisulphideof tin, or sulphide of cadmium; 
if orange-colored, this indicates sulphide of antimony ; if 
brown or black, one at least of the following oxidesis present; 
oxide of lead, teroxide of bismuth, oxide of copper, oxide of 
mercury, teroxide of gold, binoxide of platinum, protoxide 
of tin. However, as a yellow precipitate may contain small 
particles of an orange colored, a brown, or even a black pre- 
cipitate, and vet its color not be very perceptibly altered 
thereby, it will always prove the safest way to assume the 
presence of all the metals named in HO in any precipitate 
produced by hydrosulphuric acid, and to proceea accordingly 
as the next paragraph (§ 191) directs. 

§ 191.* 

( Treatment of the Precipitate prodvced by Hydrosulphuric Acid with Sul- 
phide of Ammonium ; Separation of the 2nd Division of Group V,from 
Group VI.) 

INTRODUCE A SMALL PORTION OF THE THOROUGHLY WASHED U4 
PRECIPITATE PRODUCED BY HYDROSULPHURIC ACID IN THE 
ACIDIFIED 80LUTION INTO A TEST-TUBE,f ADD A LITTLE 
WATER, AND FROM TEN TO TWENTY DROPS OF YELLOW SUL- 
PHIDE OF AMMONIUM, AND EXPOSE THE MIXTURE FOR A SHORT 
TIME TO A GENTLE HEAT.t 

1. The precipitate dissolves completely in sulphide U5 
of ammonium (or sulphide of sodium, as the case may be), 
absence of the metals of Group V. — cadmium, lead, bismuth, copper, 
mercury. Treat the remainder of the precipitate (of which you 
have digested a portion with sulphide of ammonium) as directed 

§ 1 92. If the precipitate produced by hydrosulphuric acid was so 
trifling that you have used the whole of it in treating with sulphide 
of ammonium, precipitate the Solution obtained in that process by 
addition of hydrocbloric acid, filter, wash the precipitate, and treat 
it as directed § 192. 

2. The precipitate is not redissolved, or at least not 11g 
completely even on heating with more sulphide of ammonium 

* Consult the notes in the Third Section. 

f If there is a somewhat large precipitate, this may be readily efiected by means 
of a small spatula of platinum or hörn ; but if you have only a very trifling precipitate, 
make a hole in the bottom of the filter, and rinse the precipitate into the Wwt tube by 
means of the washing-bottle, wait until the precipitate has subsided, and then decant 
the water. 

X If the Solution contains copper, which is generally revealed by the color of the 
fluid, and may be ascertained positively by testing with a clean iron rod (see § 120, 
11), use sulphide of sodium instrad of sulphide of ammonium (in which sulphide of 
copper is not absolutely insoluble, see § 120, 5), and boil the mixture. Bat if the 
fluid, besides copper, contains also oxide of mercury (the presence of which is generally 
sufficiently indicated by the several changes of color exhibited by the precipitate forra- 
ing upon the addition of the hydrosulphuric acid water [§ 119, 31 and which, in 
doubtful cases, may be detected with positive certainty by testing a portion of the 
original Solution acidified with hydrocbloric acid with protochloride of tin), sulphide of 
ammonium must be uaed, although the Separation of the sulphides of the antimony 
group from the sulphide of copper is not fully tffacted in euch cases. W^re sulphide 
of sodium used, the sulphide of mercury would dissohre in this reagnnt, which wosjU 
impede the ulterior exaiuiuation of the sulphides of the antimony group. 
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or sulphide of sodium, as the case may be) : presence of metals of 
Group V. Dilute with 4 or 5 parts of water, filter, and mix the 
ültrate with hydroehloric acid in slijrht excess. 

a. A pure white turbidity is occasioned, owing to the Separation 
of sulpkur. Absence of the metals of Group VI. — gold, plati- 
num, tin, antimony, and arsenic* Treat the rest of the preci- 
pitate (of which you have digrested a portion with sulphide of 
aininoniuni) according 1 to § 193. 

b. A colored precipitate is formed: presence of metals of 117 
Group VI. and of Group V. Treat the entire precipitate pro- 
ducea by hydrosulphuric acid as you have treated the portion, 

i.e. digest it with yellow sulphide of ammonium or, as the case 
may be, sulphide of sodium, let subside, pour the supernatant 
liquid on a filter, digest the residue in the tube once more 
with yeltow sulphide of ammonium (or sulphide of sodium), 
and filter. Wash the residuef (containing the sulphides of 
Group V.), and treat it afterwards as directed § 193. Dilute 
the hl träte (which contains the metals of Group VI. in the 
form of sulphur salts), add hydroehloric acid to distinctly acid 
reaction, heat gently, filter off the precipitate, which contains 
the sulphides of the metals of Group VI. mixed with sulphur, 
wash tnoroughly and proeeed as directed in the next para- 
praph (§ 192). 

§ 192.1 

(Detection of the Metals of Gronp VI. : Arsenic, Antimony, Tin, 

Gold, Platinum). 

If the precipitate consisting of the sulphides of Group VI. has 118 
a pure yellow color, this indicates principally arsenic and bin- 
oxide of tin ; if it is distinctly oranoe-yellow, antimony is sure 
to be present ; if it is brown or black, this denotes the presence 
of protoxide of tin, platinum, or gold. 

Beyond these general indications the color of the precipitate 
affords no safe guidance. It is therefore always advisaole to test 
a yellow precipitate also for antimony, gold, and platinum, since 
min ute quantities of the sulphides of these metals are completely 

* That this inference becomes uncertain if the precipitate produced by hydrosul- 
phuric acid, instead of being digested with a *mall quantity of sulphide of ammonium, 
has been treated with a largo quantity of that reagent, is self-evident ; for the lurge 
quantity of sulphur which separates in that case will of course completely couceal any 
ulight traces of sulphide of arsenic or bisulphide of tin which may have been thrown 
down. Compare also notes to § 190 and § 191 in the Third Section. 

t If the residue suspended in the fluid conUining sulphide of ammonium, and 
insoluble therein, 8 u beides readily, it is not transferred to the filter, hut washed in the 
tube by decantation. But if its subside nee proeeeds slowly and with difficulty, it is 
transferred to the filter, and washed there ; a hole is then made in the bottom of the 
filter, and the residue rinsed into & small porcelain basin by means of a washing-bottle, 
the application of a gentle heat will now materially aid the subsidence of the residue, 
and the supernatant water may then be deoanted. The sulphides are occssionally sus- 
pended in the fluid in a State of such min ute division that the fluid cannot be filtered 
off clear. In cases of the kind some ebloride of ammonium should be added to the 
fluid, and it should be allowed to settle at a gentle heat for some time before bein^ 
filtered. 

£ Consult the notes in the Third Section. 
I. . S 
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hidden dt a larpre rmanrity of bisulphide of tin or sulphide of arsenic. 
Proceed accordinjrly as follows : 

Heat a little of the precipitate on the lid of a porcelain crucible, 
or on a piece of porcelain or gflass.* 

1. Compkte volatilization ensues : probable presence of arsenic, 119 
absence of the other metals of Group VI. Confirm by reduetion 

of a portion of the precipitate with Cyanide of potassium and car- 
bonate of soda (§ 132, 12).f Whether that metal was present in 
the form of arscnious acid or in that of arsenic acid, may be ascer- 
tained by the methods described § 134, 9. 

2. A t fixed residvc m left. In that case all the metals of Gronp VI. 120 
must be sougrht for. Dry the remainder of the precipitate thoroujrhly 
u]>on the filter, triturate it with aboutl part of anhydrous carbonate 

of soda, and 1 part of nitrate of soda, and transfer tho mixture in 
small portions at a time to a porcelain crucible, in which you have 
previously heated 2 parts of nitrate of soda tofusion 4 As soon as 
complete oxidation is effected, pour the mass on to a piece of por- 
celain. After coolinjr soak the fused mass§ (the portion still 
sticking" to the inside of the crucible as well as the portion poured 
out on the porcelain) in cold water, filter from the insoluble residue 
— which will remain if the mass contained antimony, tin, gold, or 
platinum — and wash thorou^hly with a mixture of about equal 
parrs of water and alcohol. (The alcohol is ndded to prevent the 
Solution of the antimonate of soda. The washings are not added 
to the ültrate.) The ültrate and the residue are now examined as 
follows : — 

a. EXAMI NATION OF THE FILTRATE FOR ARSENIC (which 121 

must be present in it in the form of arsenate of soda). Add 
nitric acid to the fluid to distinet acid reaction,|| heat to expel 
earbonic acid and nitrous acid, then divide the fluid into two 
portions. Add to the one portion some nitrate of silver (not 
too little), filter (in case chloride of silverIF or nitrite of silver 

* That this preliminary examination may be omitted if the precipitate has any 
other color than yellow, and that it can give a decisive result only if the precipitate 
has been thoroughly washed, is self-evident. 

f In casea where the precipitate contains much free Bulphur, dissolve the sulphide 
of arsenic which may be present, by digestion in carbonate of ammonia, filter, eva- 
porate the s< lution with addition of a nimill quantity of carbonate of soda, to dryness, 
and heat the residue with Cyanide of potafwium and carbonate of soda. 

X Snould the amount of the precipitate be so minute that this Operation cannot be 
conveniently perfornied, cut the fi;ter, with the dried precipitnte adhering to it, into 
small pieces, triturate these with some carbonate and nitrate of soda, and projeet both 
the powder and the paper into the fusing nitrate of soda. It is prcferable, however, 
in such cases. to proeure, if practical>le, a larger amount of the precipitate, as other- 
wiae there will be but little hope of effecting tne positive detection of all the metals of 
Group VI. 

§ Supposing all the metallic sulphides of the sixth group to have been present» 
the fused niass would consist of antimonate and arsenate of soda, binoxide of tin, 
metallic gold and platiuum, sulphate, carbonate, nitrate, and some nitrite of soda. 
Coiii pare also § 134, 1. When gold and tin are present together, the fused mass often 
has a peculiar light red color. 

|| In some cases where a somewhat large proportion of carbonate of soda has been 
used, or a very strong heat applied, a trifling precipitate (hydrated binoxide of tin) 
may separate upon the aeidification of the filtrate with nitric acid. This may be fil- 
tered off, and then treated in the same manner as the nndissolved residue. 

U Chloride of silver will separate if the reagents were not perfectly pure, or the 
precipitate has not been thoroughly washed. 
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should have separated), pour upon the filtrate, along the side 
of the tube held slanting, a layer of dilute Solution of ammo- 
nia — 2 parts of water to 1 part of Solution of ammonia — and 
allow to stand some time without shaking. The fbrmation of 
a reddish-brown precipitate, which appears hovering cloud- 
like between the two layers (and may be seen far more readily 
and distinctly by reflected than by transmitted light), denotes 
the presence of arsenic. 

If tlie arsenic is present in some quantity, and the free 
nitric acid of the Solution is exactly saturated with ammonia, 
the fluid being stirred during this process, the precipitate of 
arscnate of silver which forms imparts a brownish-red tint 
to the entire fluid. 

Add to the other portion of the acidified Solution, first 122 
ammonia, then a mixture of sulphate of magnesia and chloride 
of ammonium, and rub the sides of the vessel with a glass 
rod. A crystalline precipitate of arsenate of magnesia and 
ammonia, which oft^n forms only after long standing, and is 
deposited more partieularly on the side of the vessel, shows 
the presence of arsenic. By way of confirmation the precipi- 
tate may be washed with water containing ammonia, dissolved 
in dilute hydrochloric acid and the Solution precipitated by 
sulphuretled hydrogen with the aid of a ^entle heat, or the 
arsenic may be reduced to the metallic State (compare § 132 
and § 183). Whether the arsenic was present in the form of 
arsenious acid or in that of arsenic acid, may be ascertained 
by the methods described § 134, 9. 

b. EXAMI NATION OP THE RESIDUE POR ANTIMONY, TIN, 123 

oold, platin um. (As the antimony, if present in the re- 
sidue, must exist as white pulverulent antimonate of soda, the 
tin as white flocculent binoxide, the gold and platinum in the 
metallic State, the appearance of the residue is in itself indica- 
tive of its nature. But it must be noted that on account of 
the sHght solubility of sulphide of copper in sulphide of 
ammonium, a little oxide of copper may also be present in this 
residue.) Transfer the precipitate to the lid of a platinum 
crucible, or to a platinum capsule, heat with hydrochloric add, 
add a little water, and throw in a small compact lump of pure 
zinc (more partieularly free from lead), no matter whether 
the precipitate has eompletely dissolved or not in the hydro- 
chloric acid. This Operation leaves the gold and platinum in 
the same State in which the fused mass contained them, viz., 
in the metallic State, to which the tin and antimonv are now" 
likewise reduced by the action of the zinc. The antimony 
reveals its presence at once, or after a short time, by blackening 
the platinum. As soon as the disengagement of hydrogen 
has nearly stopped, take out the lump of zinc, remove the 
Solution of chloride of zinc by cnutious decantation, warm 
the metals with hydrochloric acid, and test the Solution — 
which, if tin is present, must contain protochloride of tin— 
with chloride of mercury (§ 129, 8). In what State of oxi- 
dation tin or antimony were originally present may be ascer- 
tained aecording to § 134, 7 and 8. 

s2 
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After removingr the tin bv repeated boiling* with hydrochloric 134 
acid, and all the hydrochloric acid by thoroug'hly washin<r 
with water, exaraine the insoluble residue (if one is left) as 
follows : Heat it in the platinum lid with some water, with 
additiun of a few frrains of tartaric acid, then add some nitric 
acid, and heat prently. If the residue dissolves conipletely, 
no g-old or ]>latinuni is present ; if a residue is left undissolved 
you must test it for these metals. For this purpose remove 
the acid Solution (which raav be tested ajram for antimony 
with hydrosulphuric acid) by decantation and washingr, transfer 
the residue to a porcelain dish, lieat with a little aqua regia, 
evaporate the Solution to a small volunie, and test for gold 
and platinum as directed § 128. 

§ 193 * 

(Detection of the MttMic Oxides of Group F., 2nd Division: — Oxide of 
Lcad, Teroxide of Bismuth, Oxide of Copper, Oxide of Cadmium, Oxids 
of Mercury.) 

ThOROUGHLY WASH THE PRECIPITATE WHICH HA8 NOT BEEN 125 
DISSOLVED BY 8ULPHIDE OF AMMONIUM, AND BOIL WITH DILUTE 

nitric acid. This Operation is performed best in a small por- 
celain dish : the boiling* mass must be constantly stirred with a 
glass rod. A grreat excess of acid must be avoided. 

1. THE PRECIPITATE DISSOLVES, AND THERE REMAINS 126 
FLOATING IN THE FLUID ONLY THE SEPARATED LIQHT FLOCCU- 

lent and yellow sulph i'R : this indicates the absence of mercury. 
Cadmitm, copper, lead, and bismuth maybe present. Filter 
frora the separated sulphur, and treat the filtrate as follows (should 
there be too much nitric acid present, the jrreater part of this 
must first be driven otf by ovaporation). Ada to a portion of the 
tiltrate dilute sulphuric acid in moderate quantity, heat gently, 
and allow to stand some time. 

a. No precipitate forms : absence of lead. Mix the 127 
remaiuder of the filtrate with ammonia in excess, and gently 
heat. 

a. No precipitate is fonned: absence of bismuth. If the 128 
liquid is blue, copper is present; very minute traces of 
copper, however, mig-ht be overlooked if the color of the 
ammoniated fluid alone were consulted. To be quite safe, 
and also to test for cadmium, evaporate the ammoniated 
Solution nearly to dryness, add a little acetic acid, and, if 
necessary, some water, and 

aa. Test a small portion of the fluid for copper, with 129 
ferrocyanide of potassium. A reddish-brown precipitate, 
or a li^ht brownish-red turbidity, indicates copper (in 
the latter case only to a very trifling- amount). 

bb. To the remainder if copper is absent add hydro- 130 
sulphuric acid. A yellow precipitate indicates cadmium. 
If copper is present, it is most conveniently removed in 
the form of subsulphocyanide by means of sulphurous 
Acid and snlphocyanide of potassium, and the filtrate, 

* GoDiult the notfie in the Third Seotioo. 
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after boinp; evaporated to drive off excess of sulphurous 
acid, is tested for cadmium with hydrosulphuric acid. 
Or both metals may be precipitated by hydrosulphuric 
acid and then separated by Cyanide of potassium (in 
vvhich case the sulphides must liave been recently pre- 
cipitated) or by boiling 1 dilute sulphuric acid (§ 125). 
ß. A precipitate is fonned. Bismuth is present Filter 131 
and test the filtrate for copper and cadmium as directed 
128- To test the washed precipitate more fully for bismuth, 
slightly dry the filter containing it between blotting-paper, 
remove the still moist precipitate with a platinum spatula or 
a knife, dissolve on a watch-glass in the least possible quantity 
of hydrochloric acid, and then add water. The appearance 
of a milky turbidity confirms the presence of bismuth. 
b. A precipitate is form ed. Presence of lead. Mix 132 
the whole of the nitric acid Solution in a porcelain dish with a 
sufficient quantity of dilute sulphuric acid, evaporate on the 
water-bath until the nitric acid is expelled, dilute the residue 
with some water containing 1 sulphuric acid, filter off at once 
the sulphate of lead left undissolved, and test the filtrate for 
bismuth, copper, and cadmium, as directed 127-* Test the 
precipitate, after washing, by one of the methods in § 123. 
2. The precipitate of the sülphide9 does not com- 133 
pletely dissolve in the boilinq nitric acid, but leaves 
a residue, besides the sulphur that floats in the 
fluid. Probable presence of oxide of mercury (which may be 
pronounced alniost certain if the precipitate is heavy and black). 
AI low the precipitate to subside, filter off the fluid, which is still 
to be testea for cadmium, copper, lead, and bismuth ; mix a 
small portion of the filtrate with a larg , e amount of Solution of 
hydrosulphuric acid, and should a precipitate form or a coloration 
become visible, treat the remainder of the filtrate according to 126« 
Wash the residue (which may, besides sulphide of mercury, also 
contain sulphate of lead, formed by the action of nitric acid upon 
sulphide of lead, and also binoxide of tin, and possibly sulphide of 
gold and sulphide of platinum, as the Separation of the sulphides 
of tin, gold, and platinum from the sulphides of the metals of the 
fifth group is often incomplete), and examine one half of it for 
raercury,t by dissolving 1 it in some hydrochloric acid, with addition 
of a very small portion of chlorate of potassa, and testing' the 
Solution with copper or protochloride of tin (§ 119) ; fuse the other 
half with Cyanide of potassium and carbonate of soda, and treat 
the fused mass with water. If metallic grains remain, or if a me- 
tallic powder is left undissolved, wash this residue, heat with 
nitric acid, and test the Solution obtained with sulphuric acid for 
lead. Wash the residue which the nitric acid may leave undis- 
solved, and extract from it any hydrate of metastannic acid which 

* For another method of separating cadmium, copper, lead, and bismuth, see the 
Third Section. 

t If you have an aqueoos Solution, or a Solution in very dilute hydrochloric acid, the 

oxide of mercury found was present in the original substanoe in that form ; bnt. if 

the Solution has been prepared by botling with concentrated hydrochloric acid, or by 

v heaüng with nitric acid or aqua regia, the mercury may have been originally present 

in the form of suboxide. 
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it may contain, accordinp; to § 130, 1, as metastannic chloride. 
Should a metallic powder be left undissolved in the process, heat it 
with aqua regia, and lest the Solution for gold and platinum as 
directed § 128. 

§194.* 

(Precipitation with Sulphide qf Ammonium, Separation and Deteetion qf the 
Oxides of Groups III. and IV.: Alumina, Sesquioxide qf Chromium; 
Oxide qf Zinc, Protoxide qf Manganese, Proteide qf Nickel, Protoxide 
qf Cobalt, Proto- and Sesquioxide of Iron ; and also qf thosc Stilts qf the 
Alkaline Earihs which are precipitated by Amnwnia from their Solution in 
Hydrochloric AM: Phosphates, Borates, Oxalates, Silicates, and Fluorides.) 

Put a small portton of the fluid in which hydrosul- 134 

PHURICACID HASFAILED TO PRODUCE A PRECIPITATE (H0)y O« 
OF THE FLUID WHICH HAS BEEN FILTEREDFROM THE PRECIPI- 
TATE form ed (112)> in a test-tube, observe whether it is colored 
or not,f boil to expel the hydrosulphuric acid which may be pre- 
sent, add a few drops of nitric acid, boil, and observe again the 
color of the fluid ; then cautiously add ammonia just to alkaline 
reaction, heat, observe whetlier this produces a precipitate, then 
add some sulphide of ammonium, no matter whether ammonia has 
produced a precipitate or not. 

a. Neither ammonia nor sulphide of ammonium 135 
produces A precipitate. Pass on to § 195, for iron, 
nickel, cobalt, sine, manganese, sesquioxide of chromium, 
alumina, are not present.i nor are phosphates, borates,§ 
Silicates, and oxalates|| of the alkaline eartlis ; nor Fluorides 

of the metals of the alkaline earths, nor silicic acid — originally 
in combination with other bases. 

b. Sulphide of ammonium produces a precipitate, 136 
ammonia havinq failed todoso: absence of phosphates, 
borates,§ Silicates, and oxalates|| of the alkaline earths ; of 
the fluorides of the metals of the alkaline earths ; of silicic 
acid, originally in combination with other bases ; and also, if 

no organic matters are present, of iron, sesquioxide of chro- 
mium. and alumina. Pass on to 138- 

• Compare tbe notes in the Third Section. 

f If the fluni is eolorless, it contains no chromiouj. If colored, tbe tiiit will to 
some extent act as a guide to the nature of the substance present ; thus a green tint, 
or a violet tint turning green lipon boiling, points to chromium ; a light green tint to 
nickel ; a reddish color to cobalt ; tbe turning yellow of the fluid upun boiling with 
nitric acid to iron. It must, however, be always borne in mind tbat theso tints Are 
perceptible only if tbe metallic oxides are present in large quantity, and also tbat com- 
plementary colors, such as, for instance, the green of tbe nickel Solution and tbe red 
of tbe cobalt Solution, will destroy each other, and tbat, accordingly, a Solution may 
contain both metals and yet appear colorless. 

X This only hold* good as regards alumina and sesquioxide of chrourinm in tbe ab- 
sence of non-voktile organic snb»tances, especially aeids such as citric and tartaric 
aeids. Citric acid may also prevent tbe precipitation of manganese. Compare p. 239, 
footnote. 

§ Presence of muob chloride of ammonium has a great tendency to prevent the pre- 
cipitation of borates of tbe alkaline earths. 

B Oxalate of magnesia is thrown down from hydrochloric acid Solution by ammonia 
after some tun« only, and never opmpletely ; dilute Solutions are not precipitated by 
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c. Ammoma produces a precipitate before the addi- 137 
tion of sulphide of amraonium. The course of proceeding to 
be pursucd now depends upon whether, (a) the original Solu- 
tion is simply aqueous, and has a neutral reaction, or (ß) the 
original Solution is acid or alkaline. In the former case pass 
on to 138» since phosphates, borates, Oxalates, and Silicates 
of the alkaline earths, Üuorides of the metals of the alkaline 
earths, and silicic acid in combination with other bases, 
cannot be present In the latter case retard must be had to 
the possibie presence of all the bodies enumerated in 135? and 
also, in the presence of organic matter, of the combinations of 
alkaline earths with citric and tartaric acids ; pass on to 150- 

1. DETECTION OF THE BASES OF GROUPS III. AND IV. IF 138 
PHOSPHATES, &C, OF THE ALKALINE EARTHS ARE NOT PRE- 

SEXT* 

Mix the fluid mentioned at the beginning of 134, ä portion of 
which you have submitted to a preliminary examination, with some 
chloride of ammonium, then with auimonia, just to alkaline re- 
action, lastJy with sul])hide of ammonium until the fluid, after 
being shaken, smells distinctly ofthat reagent; shake the mixture 
until the precipitate begins to separate in tiakes, heat gently for 
some time, and tilter. 

Keep the filtrate,| which may contain bases of Groups 
II. and I., for subsequent examination according to § 195. Wash 
the precipitate with water to which a very little sulphide of 
ammonium has been added, then proceed with it as follows : — 

a. It has a pure white color: absence of iron, cobalt, 139 
nickel. You must test it for all the other bases of Groups 
III. and IV., as the faint tints of sesquioxide of chromium 
and sulphide of manganese are imperceptible in a large 
quantity of a white precipitate. Dissolve the precipitate by 
heating it in a small dish with the least possibie amount of 
hydrochloric acid; boil — should hydrosulphuric acid be 
evolved — until this is completely expelled, concentrate by 
evaporation to a small! buik, add concentrated Solution of 
soda in excess, heat to boiling, and keep for some time in a 
State of ebullition. 

ou The precipitate formed atjirst dissolve* completely in the ex- 140 
cessofsoda.. Absence of manganese and chromium, presence 
of alumina or oxide of zinc. Test a portion of the alkaline 
Solution with Solution of hydrosulphuric acid (a little, not 
excess) for zinc; acidify the remainder with hydroshloric 
acid, add ammonia slightly in excess, and apply heat. A 

* This simpler roethod will fully ans wer the purpose in most cases ; for very accu- 
rate analysis the method beginning at 150 is preferable, as this will perrait also the 
detecüun of ininute quantities of alkaline earths, which may liave been thrown down 
togHther with alumina or sesquioxide of chromium. Solutions which are distinctly 
olore-l by chromium should always be exainined by 150. 

t If the filtrate has a brownish color, this points to nickel, sulphide of nickel, as is 
well known, being, under certain circunistances, slightly soluble in sulphide of ammo- 
nium ; this, however, involves no modification of the analytical course. 

£ Compare £ 10Ö, 6, 



264 OOMPLEX COMPOUNDS— DETECTION OF BASES. [§ 194. 

white flocculent precipitate insolnble in more cbloride of 
ainmonium, indicates alumina.* 

ß. The precipitate formcd does not dissolve, or dissolves only 141 
partially in the excess of soda. Dilute, filter, and test the 
filtrate, as in 140, for zinc and alumina. With the 
undissolved precipitate, which, if containing manganese, 
looks brown or brownish, proceed as follows : — 

aa. If the color of the Solution gives you no reason to 
sus]>ect the presence of chroraium, test the precipitate for 
manqan ese, with carbonate of soda in the outer blow- 
pipe flame. 

bb. But where the color of the Solution indicates chro- 142 

mium, the examination of the residue insoluble in Solution 

of soda is more complicated, since it may in that case con- 

tain also oxide of zinc, possibly even the whoie quantity 

present of this metal (§ 112). Dissolve the precipitate 

therefore in hydrochloric acid, evaj>orate the Solution to a 

small residue, dilute, nearly neutralize the free acid with 

carbonate of soda, add carbonate of baryta in slteht 

excess, allow to digest in the cold until the fluid has 

becorae coloriess, filter, and test the precipitate for chro- 

mium, by fusion with carbonate of soda and chlorate of 

potassa (§ 102, 8). Remove the baryta frorn the ül träte, 

by precipitating with some sulphuric acid, filter, evaporate 

to a small residue, add concentrated Solution of potassa 

or soda in excess, and test the filtrate for zinc with 

hydrosulphuric acid, the precipitate, if any, for man- 

oanese as in aa. 

b. It is not white : this indicates chromium, manganese, 143 

iron, cobalt, or nickel. If it is black, or; inclines to black, 

one of the three metals last-mentioned is present. Under 

any circumstances all the oxides of Groups III. and IV. must 

be looked for. 

Remove the washed precipitate from the filter with a spatula, 
or by rinsing it with the aid of a washing-bottle through a 
hole made in the bottom of the filter, into a test-tube, and 

Sour over it rather dilute cold hydrochloric acid (1 part of hy- 
rochloric acid sp. gr. 1*12 with about 5 parts ot water) in 
moderate excess. 

a. It dissolves eompletely (except perhaps a little sulphur 144 
which may separate) ; absence of cobalt and nickel, at least 
of notable quantities of these two metals. 

Boil until the hydrosulphuric acid is eompletely expelled, 
add nitric acid, boil, filter if particles of sulphur are sus- 
pended in the fluid, concentrate by evaporation to a small 
residue, add concentrated Solution of potassa or soda in 
excess, boil, filter the fluid from the insoluble precipitate 
which is sure to remain, wash the latter, and proceed first 
to examine the filtrate, then the precipitate. 

* It is of courae asaumed tbat the soda or potassa used is free from alumina and 

silicic acid. In the contrary oase yoa may make a oo unter expertment with a amilar 

quantity of the alkali alone ; if you obtain a very muoh smaller precipitate now tlian 

you obtained in the analyai« you may oouciude that alumina Li actually present in the 

uhstance. 
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aa. Test a small portion of the filtrate with hydro- 145 
sulphuric acid for zinc; acidify the remainder with 
hydrochloric acid, then test with ammonia for alumina. 
Compare 140« 

bb. Dissolve a small portion of the precipitate in hydro- 146 

chloric acid and test with ferrocyanide of potassium 

added drop by drop, or with sulphocyanide of potassium 

for iron.* Test another portion for chromium by 

fusing witb carbonate of soda and chlorate of potassa, 

and boiling the fusion with water (§ 102, 8).f If no 

chromium has been found, examine the remainder for 

manqanese, by carbonate of soda in the oxidizing Dame. 

If chromium is present, on the other hand, test the 

remainder of the precipitate for manqanese and zinc as 

directed 142- (Under these circumstances the whole of 

the zinc may be present in this precipitate.) 

ß. The precipitate is not completely dissolved, a black residue 147 

being leß. This indicates cobalt and nickel. This indi- 

cation is not certain, especially in the presence of much 

sulphide of iron, particles of which may become enveloped in 

the separated sulphur and thus be protected frorn the action 

of the hydrochloric acid. Filter, waah, and examine the 

filtrate according to 144. Heat the precipitate with the 

filter in a porcelain crucible tili the nlter is incinerated, 

allow to cool, warm with hydrochloric acid and a drop or 

two of nitric acid, add water, then ammonia in moderate 

excess, and filter. 

The ammoniacal filtrate will be blue in presence of much 
nickel, brownish in the presence of much cobalt, and will 
have a less distinct mixed color if both metals are present. 
Test a portion of it with sulphide of ammonium. If a black 
precipitate is formed, which does not redissolveon acidifying 
with hydrochloric acid, the presence of cobalt or nickel is 
proved. 

In that case evaporate the rest of the ammoniacal Solution 
to dryness, drive off the ammonia salts by gentle ignition, 
and proceed with the residue as follows : — 

aa. Test a small portion of it with borax, first in the 148 
outer, then in the inner blowpipe-flame. If the bead in 
the oxidizing fiame is violet whilst bot, and of a pale 
reddish-brown when cold, and turns in the reducing 
flame gray and turbid, nickel is present; but if the 
color of the bead is blue in both names, and whether 
hot or cold, cobalt is present. As in the latter case 
the presence of nickel cannot be distinctly recognised, 
examine 

* Since Praraian blue dissolve« in ferrocyanide of potassium to a colorless fluid, 
small quantities of iron may easily be overlooked if the ferrocyanide is added repidly 
in large quantity. If iron is found, the original Solution tnust be tested with ferri- 
cyanide of potassium and sulphocyanide of potassium to see in what State of oxidation 
it is actually present. 

t If the Solution is green from the presence of manganate of soda, heat it with a 
few drops of alcohol and filter off the peroxide of manganese formed. 
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bb. the remainder of the residue by dissolving it in 149 
hydrochloric acid and a little nitric acid, evaporating 
nearly to dryness, and adding nitrite of potassa and, 
lastly, acetic acid (§ 109, 14). If a yellow precipitate 
forms, after Standing* for some time at a gentle heat, this 
confirms the presence of cobalt. Filter after about 
twelve hours, and test the filtrate with Solution of soda 

for NICKEL. 

2. Detection of the bases of groups III. and IV. in 150 

CASES WHERE PHOSPHATES, BORATES, OXALATES, SILICATES (iN 
THE PRESENCE OF ORGANIC MATTER, POSSIBLY ALSO TARTRATES 
AND CITRATES,) OF THE ALKALINE EARTHS, FLUORIDES OF THE 
METALS OF THE ALKALINE EARTHS, OR HYDRATE OF SILICIC 
ACID, MAY POSSIBLY HAVE BEEN THROWN DOWN WITH THESE 

bases, i.e., in cases where the original Solution was acid or alkaline, 
and a precipitate was produced by ammonia in the preliminary 
examination of 134- 

Mix the fluid mentioned in 134 with some chloride of ammo- 
nium, then with ammonia just to alkaline reaction, lastly with 
sulphide of ammonium until the fluid, after being shaken, smells 
distinctly of the reagent; shake the mixture until the precipitate 
begins to separate in flakes, heat gently for some time, and Alter. 

Keep the filtrate, which may contain bases of Groups II. and 
I., for subsequcnt examination according to § 195. Wash the 
pkecipitate with water to which a very little sulphide of ammo- 
nium has been added, then proceed with it as directed 152. To 
give a clear notion of the obstacles to be overcome in this analyti- 
cal process, I must remind you that it is necessary to examine tlie 
precij)itate for the following bodies : Iron, nickel, cobalt (these 
show their presence to a certain extent by the black or blackish color 
of the precipitate), manganese, zinc, sesquioxide of chromium (the 
latter generally reveals its presence by the color of the Solution), 
alumina ; baryta, strontia, lime, magnesia, which latter substances 
may have fallen down in combination with phosphoric acid, boracic 
acid, oxalic acid, siiicic acid, in form of fluorides, or in combination 
with sesquioxide of chromium. Besides these bodies, hydrate of 
siiicic acid, and free sulphur may be present. (In the presence of 
organic substances, tartrates and citrates of alkaline earths may 
be also present.) 

As the original substance must be afterwards examined for all 151 
acids that might possibly be present, it is not indüpensiible to test 
for the above enumerated acids at this stage ; still, as it is often 
interesting to detect these acids at once, especially in cases where 
a somewhat large proportion of some alkaline earth has been 
found in this precipitate, a method for the detection of the acids 
in question will be found appended by way of Supplement to the 
method for the detection of the bases. 

As soon as the washing is finished, remove the precipitate from 152 
the Alter with a small spatula, or with the washing Dottle, and 
pour over it cold dilute hydrochloric acid (1 part of hydrochloric 
acid sp. gr. 1*12, with about ö parts of water) in moderat« excess. 

a, A BE3IDUE remains. Filter, and treat the filtrate as 153 
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directed 154- The residue, if it is black, may contain Sul- 
piride of nickel and sulphide of cobalt and, besides these, 
sulphur and silicic acid, possibly also fluoride of calcium, 
(which is rather difficulüv soluble). Wash, and examine a 
sample of it with phosphate of soda and ammonia before the 
blowpipe, in the outer flame. If a silica skeleton remains un- 
dissoived(§ 150, 8), this proves the presenceof silicic acid; 
the color of the bead will jrenerally at once indicate cobalt 
or nickel, compare 148. Incinerate the rest of the preci- 
pitate and test it first for plüorine, by heatinp; with sul- 
phuric acid (§ 146, 5). If fluorine is present, on treating 1 the 
residue with a little water, and adding* an equal volurae of 
alcohol, sulphate of lime will remnin behind. Finally, if 
the color of the microcosmic bead hasbeen ambi^uous, remove 
the ulcohol from the sulphuric acid Solution by evaporation (if 
necessary), precipitate the traces of iron generally present 
by ammonia, and test for nickel and cobalt as in 147 to 150- 

b. No residue is left (except a little sulphur, whose 154 
purity is to be proved by washing, dryingr, and burning") : 
absence of nickel and cobalt, at least in any notable pro- 
portion. 

Boil the Solution until the sulphuretted hydrogen is ex- 
pelled, filter if necessary, and then proceed as follows : 

a. Mix a small portion of the Solution with dilute sul- 155 
phuric acid. If a precipitate forms, this may consist of 
sulpbates of baryta and strontia, possibly also of sulphate 
of lime. Filter, wash the precipitate, and examine it either 
by the coloration of flame (see § 99, at end^. or decompose 
it by boiling" or fusing* with carbonated alkali, wash the 
carbonates produced, dissolve them in hydrochloric acid, 
eva|>orate to dryness, take up with water, and test the 
Solution as directed 164. Mix the fluid which has not 
been precipitated by dilute sulphuric acid, or the fluid 
filtered from the precipitate proauced, with 8 volumes of 
ßpirit of wine. If a precipitate forms, this consists of 
sulphate of lime. Filter, dissolve in water, and add Oxa- 
late of ammonia to confirm the presence of lime. 

ß. Heat a somewhat larger sample with some nitric 156 
acid, and test a small portion of the fluid with ferrocyanide 
of potassium added drop by drop, or with sulphocyanide of 
potassium for iron;* mix the remainder with sesquichlo- 
ride of ironf in suflicient quantity to make a drop of fluid 
give a yellowish precipitate when mixed on a watch-glass 
with a arop of ammonia, evaporate on a water-bath to a 
small bulk, add some water, tuen a few drops of carbonate 
of soda, just suflicient to nearly neutralize the free acid, and 
lastly carbonate of baryta in slight excess, stir, and allow 
to stand in the cold until the fluid above the precipitate 

* Whether the iron was present as sesquioxide or as protoxide, must be ascertained 
by testing the original Solution in hydrochloric acid with ferricyanide of potassium 
and sulphocyanide of potasmuin. 

t The additton of seftquichloride of iron is necessary, to effect the Separation of 
phosphonc acid and silicic acid which may be present» 
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has become colorless. Filter the precipitate (aa) from the 
Solution (bb), and wash. 

aa. Boil the precipitate for some time with Solution of 157 
soda, iilter, and test the filtrate for alumina,* by acidi- 
fying with hydrochloric acid, adding* ammonia to alkaline 
reaction andboiling'. The part of the precipitate insolu- 
ble in Solution of soda is examined for chromium, by 
fusion with chlorate of potassa and carbonate of soda 
(§ 102, 8). 

hb. Mix the soluti/m first with a few drops of hydro- 
chloric acid, boil to expel the whole of the carbonic acid, 
then add some ammonia and Sulpiride of ammonium. 

aa. Na precipitate forms : absence of manganese and 158 
zinc. Mix the Solution containing» chloride of bar i um 
with dilute sulphuric acid in sli<rht excess, boil, iilter, 
supersaturate with ammonia, and mix with Oxalate of 
ammonia. If a precipitate of Oxalate of lime forms, 
filter, and test the filtrate with phosphate of soda for 

MAGNESIA. 

ßß. A precipitate forms. Filter, and proeeed with 159 
the filtrate aecording to 158. The precipitate may 
contain sulphide of manjranese, sulphiae of zinc, traces 
of sulphide of cobalt and sulphide of nickel ; and also 
(in the presence of tartrates and citrates of the alkaline 
earths) sulphide of iron. Wash it and test for man- 
oanese, zinc, cobalt, and nickel, aecordinp; to 
143 — 150 (if the last two raetals have not been found 
in 153). 
y. If you have found alkaline earths in a and 0, and wish 160 
to know the aeids in combination with which they have 
passed into the precipitate produced by sulphide of ammo- 
nium, this may be ascertained by making the following 
experiments with the remainder of the hvdrochloric acid 
Solution of the sulphide of ammonium precipitate. 

aa. Evaporate a small portion in a dish or watch- 161 
glass on the water-bath to complete drvness, then treat 
with hydrochloric acid. If there was any silicic 
acid in the Solution, this will be left undissolved. 
Evaporate the Solution with nitric acid and test it for 
phosphoric acid, by means of molybdic acid (§ 142, 10). 
hb. Concentrate another portion by evaporation, mix 
it with carbonate of soda in excess, boil for some time, 
filter, and examine one portion of the filtrate for oxalic 
acid, by acidifying with acetic acid and adding- Solution 
of sulphate of lime; another portion for boracic acid, 
by slightly acidiiying with hydrochloric acid, and testing 

* Tf the Solution or the soda contain 8 silicic acid, the precipitate taken for alumina 
may alno contain silicic acid. A simple trial with phosphate of soda an«! amuiooia, on a 
platinura wir», in the blowpipe flame, will show whetl»er the precipitate reslfy o^n- 
tains silicic acid. Should this be the case, ignite the remainder of the supposed 
alumina precipitate on the lid of a platinum cruoible, add some acid sulphate of 
potassa, fuse and treat with hydrochloric acid, which will dissolve the alumina, learing 
the silicic add undissolred; precipitate the alumina from the Solution by ammonia^ 
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with turmeric-paper (§144 and § 145). (In the pre- 
sence of organic matter the rest of the filtrate may be 
used for testing 1 for tartaric and citric acids, 
compare 198.) 

cv. Precipitate the remainder with ammonia, filter, 162 
wash and dry the precipitate, and examine it for 
fluorine according to § 146, ö. 

§ 105 * 

(Separation and Dctcction of the Oxides of Group IL which are pre- 
cipitated by Carbonate of Ammonia, in Presence of Chloride of Am- 
monium, viz ty Baryta, Strontia, Linie.) 

To A SMALL PORTION OF THE FLUID IN WHICH AMMONIA 
AND SULPHIDE OF AMMONIUM HAVE FAILED TO PRODUCE A 
PRECIPITATE (135), OR OF THE FLUID FILTERED FROM THE 
PRECIPITATE FORMED, ADD CHLORIDE OF AMMONIUM, IF THE 
SOLUTION CONTAINS NO AMMONIACAL SALT, THEN CARBONATE 
OF AMMONIA AND SOME CAUSTIC AMMONIA, AND HEAT FOR 
SOME TIME VERY OENTLY (not tO boilhlg'). 

1. No precipitate forms : absence of anv notable nuantity 163 
of baryta, strontia, and lime. Traces of these afkaline eartns may, 
however, be present ; to detect them proeeed as follows. Add to 
another portion of the fluid some sulphate of ammonia (prepared 

by supersaturating dilute sulphuric aeid with ammonia); if the 
fluid becomes turbid, it contains traces of baryta. Add to a third 
purtion some Oxalate of ammonia and allow it to stand; if the 
fluid turns turbid, traces of lime are present. Treat the remainder 
of the fluid as directed § 196, after having previously removed the 
traces of lime and baryta which may have been found, by means 
of the reagents that have served to etfect their detection. 

2. A precipitate is formed. Presence of lime, baryta, 164 
or strontia. Treat the whole fluid of which a portion has been 
tested with ammonia, and carbonate of ammonia, the same as the 
sample, filter off the precipitate formed, after gently heating, and 
lest portions of the filtrate with sulphate and Oxalate of ammonia 

for traces of lime and baryta, which it may possibly still contain ; 
remove such traces, should they be found, by means of the said 
reagents, and examine the fluid, thus perfectly freed from baryta, 
strontia, and lime, for magnesia, according to § 196. Wash the 
precipitate produced by carbonate of ammonia, dissolve it in the 
least possible ainount of dilute hydrochloric aeid, evaporate to dry- 
ness on the water-bath, take up the residue with a little water, 
and add to a small portion of the fluid a sufheient quantity of Solu- 
tion of sulphate of lime. 

a. No precipitate is formed, even after the lapse of 
some time. Absence of baryta and strontia ;t presence of 
lime. To conti rm mix another sample with Oxalate of am- 
monia. 

• 

* Compare tbe notet in the Third Section. 

t Very minute traoes ot strontia oanoot be deteoted in thU way, aa the sulphate 
of strontia is not absolately insolable. See § 99. 
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b. A precipitate is formed by Solution of sulphate of Urne. 

a. It is formed immediately ; this indicates baryta. 165 
Besides this, strontia and lime may also be present. 

Evaporate the remainder of the hydrochloric acid Solu- 
tion of the precipitate produced by carbonate of ammonia to 
dryness, dig-est the residue with strong* alcohol, decant the 
fluid from the undissolved chloride of barium, dilute with 
an equal volume of water, mix with a few drops of hydro- 
fluosilicic acid — which will throw down the small portion 
of baryta that had dissolved in form of chloride of barium — 
allow to stand for sonie time ; Alter, and mix the filtrate 
with dilute sulphuric acid. The formation of a precipitate 
indicates the presence of strontia or lime, or of both. 
Filter after some time, and test the precipitate aecording to 
p. 97 for strontia and lime. The Separation by boil- 
lng* the sulphates with sulphate of ammonia suffices for 
ordinary cases ; but in very delicate analyses the nitrates 
must be treated with alcohol and ether, and the residue ex- 
amined in the spectroscope. 

ß. It is formed only after some time. Absence of baryta, 166 
presence of strontia. Mix the remainder of the aqueous 
Solution of the Chlorides with a sufficient amount of concen- 
trated Solution of sulphate of ammonia, and boil for some 
time, renewing" the water as it evaporates, and adding- am- 
monia to keep the fluid alkaline. Then Alter off the sul- 
J»hate of strontia, and test the filtrate for lime, with oxa- 
ate of ammonia. 

§ 196. 

(JExamination for Magnesia.) 

To A PORTION OF THE FLUID IN WHICH CARBONATE, SUL- 
PHATE, AND OXALATE OF AMMONIA HAVE FAILED TO PRO- 
DUCE A PRECIPITATE (163) OR OF THE FLUID FILTERED 
FROM THE PRECIPITATES FORMED (164), ADD AMMONIA, 
THEN SOME PHOSPHATE OF SODA, AND, 8HOULD A PRECIPI- 
TATE NOT AT ONCE FORM, RUB THE INNER SIÜES OF THE 
TEST TUBE WITH A ROD, AND LET THE MIXTURE STAND FOR 
SOME TIME. 

1. No precipitate is formed : absence of magnesia. Eva- 167 
porate another portion of the fluid to dryness (preferably in 

the lid of a platinum crucible), and igfnite ^ently. If a residue 
remainSy treat the remainder of the fluid the same as the sample, 
and examine the residue, which by the moderate ignition to which 
it has been subjected has been freed from ammonia, for potassa 
and soda, according to § 197. Jf no residue is left, this is a proof 
of the absence of the fixed alkalies; pass on at once to § 198. 

2. A crystalline precipitate is formed: presence of 168 
Magnesia.* As testing for alkalies can proceed with certainty 

• 

* Phosphate of magnesia, and ammonia is inTariably crystallina; if phosphateof 
soda produces a slight flocculent precipitate, tou are therefore not justifieoin oon- 
clading that magnesia is present. The slight flocculent precipitate, which is here 
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only after tbe removal of magnesia, evaporate the remainder of 
the fluid to dryness, and ignite until all amnioniacal salts are re- 
moved. Warm the residue with some water, add baryta-water 

Sprepared from the crystals)* as long as a precipitate continues to 
brm, boil, filter, add to the filtrate a mixture of carbonate of am- 
inonia with animonia in slight excess, heat for some time gently, 
filter, evaporate the filtrate to dryness, with addition of some 
chloride of ammonium (to convert into chlorides the caustic 
alkalies or alkaline carbonates that may happen to form), ignite 
gently, dissolve in a little water, precipitate if necessary once more 
with ammonia and carbonate of ammonia, filter, evaporate again, 
and if a residue remains, ignite this gently, and examine it accord- 
ing to § 197. 

§ 197. 
(Examination for Potassa and Soda.) 

YOU HAVE NOW TO EXAMINE FOR POTASSA AND SODA THE 
GENTLY IONITED RESIDUE, FREE FROM SALTS OF AMMONIA 
AND ALKALINE EARTHS, WHICII HAS BEEN OBTAINED IN 167 

ok 168- Dissolve it in a little water, filter if necessary, evapo- 
rate until there is only a small quantity of fluid left, and transfer 
one-half of this to a watch-glass, leaving the other half in the 
porcelain dish. 

1. To the one-half in the porcelain dish add, after cooling, 169 
a few drops of Uchloride of platinum. W a yellow crystalline pre- 
cipitate forms immediately, or after some time, potassa is pre- 
sent. Should no precipitate form, evaporate to dryness at a gentle 
heat, and treat the residue with a very small quantity of water, 

or, if chlorides alone are present, witli a mixture of water and 
alcohol, when the presence of minute traces of potassa will be re- 
vealed by a small quantity of a heavy yellow powder being left 
undissolved (§ 89, 3). In the presence of an iodide the deep 
brown color of the fluid interferes with the detection of potassa 
by bichloride of platinum ; under these circumstances test with 
acid tartrate of soda instead. 

2. To the other half of the fluid (in the watch-glass) add some 170 
antimonate of potassa. If this produces at once or after some time 

a crystalline precipitate, soda is present. If, after standing 
twelve hours, no crystals separate, you may conclude that soda is 
absent. In regard to the crystalline form of the precipitate, and 
the precautionary rules, see § 90, 2. 

•otnetimes obtained, consists of phosphate of alumina. You get it when alumina ig 
contained in the original substance, and you use too large an excess of ammonia in 
precipitating the third and fourth groups. Its production depends upon tbe fact 
that phoRphate of alumina is far leas ho) üble in ammonia than the hydrate. Phosphate 
of alumina differs also from phosphate of ammonia and magnesia by its inaolubiliiy 
in acetic acid. If you want to test the precipitate in this manner, it should first be 
fittered off. From the acetic acid Solution of phosphate of magnesia and ammonia, 
ammonia would throw down the pure salt. 

* Or thin milk of lime, freed from every trace of alkali by repeated extractinn with 
water. Add it to the warm fluid with stirring tili turraeric-paper is strongly affected. 
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§ 198. 
{Examination for Ammonia). 

THERE REMAINS STILL THE EXAMINATON FOR AMMONIA. 171 

Triturate some of the substance with an excess of hydrate of liine, 
and, if necessary, a little water. If the escaping gas smells of 
ainmonia, if it blues moist red litmus-paper, and forms white fumes 
with hydrochloric acid vapors, brought into contact with it by 
means of a glass rod, ammonia is present. The reaction is the 
most sensitive if the trituration is made in a small beaker, and the 
latter covered with a glass plate with a slip of moist turmeric or 
red litmus-paper adhering to the under-side. 

Complex Compounds. 

A, 1. SUBSTANCES SOLUBLE IN WATER. 
DETECTION OF ACIDS.* 

I. In the Absence of Organic Acids. 

§199. 

Consider, in the first place, which are the acids that form with 
the bases found Compounds soluble in water, and let this guide you 
in the examination. To students the table given in Appendix IV. 
will prove of considerable assistance. The following plan of ex- 
amination works best when the acids are combined exclusively with 
alkalies or alkaline earths, it is therefore sometimes advisable to 
precipitate auy heavy metals present by sulphnretted hydrogen or 
sulphide of ammonium before proceeding. The sulphides should 
be tiltered off and the excess of sulphuretted hydrogen removed 
by boiling, or of sulphide of ammonium by aciditying with hydro- 
chloric acid, boiling and filtering off the sulphur. It must not be 
forgotten that sulpnur, hydrochloric acid, chromic acid and chloric 
acid cannot be looked for in this fluid, and also that the results of 
the testing for sulphuric and nitric acids will not be so trust- 
worthy. 

1. The acids of arsenic, carbonic acid, sulphur com- 172 
bined with metals or hydrogen, chromic acid, and silicic acid 
will have been usually detected in the examination for bases, see 
20j 67, &> 68. Chromic acid is also easily recognised by the yel- 
low or reddish-yellow color of the Solution. If in doubt, testfor 

it with acetate of lead and acetic acid (§ 138, 8) or — for very rai- 
nute quantities — with decoction of logwood (§ 138, 12). 

2. Add to a portion of the Solution chloride of barium or, if 
lead, silver, or suboxide of mercury are present, ni träte of baryta, 
and, should the reaction of the fluid be acid, add ammonia to neu- 
tral or slightly alkaline reaction. 

a. No precipitate is formed : absence of sulphuric 173 
acid, phosphoric acid, chromic acid, silicic acid, oxalic acid, 

* Couault alao the explanations in the Third Section. 
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arsenious and arsenic acids, as well as of notable quantities 
of boracic acid and hydrofluoric acid.* Pass on to 175- 

b. A prkcipttate is formed. Dilute the fluid, and add 174 
hydrochloric acid or, as the case may be, nitric acid ; if the 
precipitate does not redissolve, or at least not completely, 
sulphuric acid is present. 

3. Add nitrate of silver to a portion of the Solution. If this 175 
fails to produce a precipitate, test the reaction, and if acid, add to 
the fluid some dilute ammonia, taking cnre to add the reagent so 
gently and cautiously that the two fluids do not intermix ; if the 
reaction is alkaline, on the other band, add with the same care 
some dilute nitric acid instead of ammonia, and watch attentively 
whether a precipitate or a cloud will form at the junction of the 
two üuids. 

fl. No PRECIPITATE IS FORMED AT THE JUNCTION OF 176 
THE TWO FLUIDS, EITHER IMMEDIATKLY OR AFTER SOME 

time. Pass on to 181; there is neither chlorine, bromine, 
iodine, cyanogen,t ferro- and ferricyanogen, nor .sulphur pre- 
sent; nor phosphoric acid, arsenic acid, arsenious acid, chro- 
mic acid, silicic acid, oxalic acid; nor boracic acid, if the 
Solution was not too dilute. 

b. A precipitate is formed. Observe the colort of it, 177 
the n add nitric acid, and shake the mixture. 

a. The precipitate dissolvcs c&mpletely : abaence of chlo- 
rine, bromine, iodine, cyanogen, ferro- and ferricyanogen, 
and also of sulphur. Pass on to 181. 

ß. A residve is left : chlorine, bromine, iodine, cyano- 178 
gen, ferro- or ferricyanogen may be present; and if the 
residue is black or ulackish, hydrosulphuric acid or 
a soluble metallic sulphide. The presen c öf sulphur 
may, if necessary, be readily confirmed, by mixing another 
portion of the Solution with sulphate of copper, or with 
a Solution of oxide of lead in soda. 

aa. Test another portion of the fluid for iodine and sub- 
sequently for bromine, bythe methods described in § 157. 

bb. Test a small portion of the fluid with sesqui- 179 
chloride of iron for ferrocyanogen ; and, if the color of 
the silver precipitate leads you to suspect the presence of 
ferricyanogen, test another portion for this latter sub- 
stance with sulphate of iron (freshly prepared, by warm- 
ing wire with dilute sulphuric acid). If the original 
Solution has an alkaline reaction, some hydrochloric acid 
must be added before the addition of the sesquichloride of 
iron, or of the sulphate of iron. 

* If the Solution contains an ammoniacal salt in soraewhat considerable proportion, 
the non-formation of a precipitate cannot be considered a conclusive proof of the 
absence of these acids, siuce the baryta ealta of inost of them (not the sulphate) are in 
presence of ammoniacal salts more or less soluble in water. 

f That the cyanogen in Cyanide of mercury is not indicated by nitrate of silver „has 
been mentioiied (73). 

X Chloride, bromide, Cyanide, ferrocyanide, Oxalate, Silicate, and borateof silv&* 
are white ; iodide, tribasic phosphate, and arsenite of silver are yellow ; areenate and 
ferricyanide of silver are browuiah-red ; Chromate of silver is purple-red ; sulphide of 
silver black. 

I. T 
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ce. Cyanooen, if present in form of a simple Cyanide 
of an alkali metal soluble in water, may usually be 
readily recognised by the smell of bydrocyanic acid 
wlricb the substance emits, and whicb is rendered more 
strongly preceptible by addition of a little dilute sul- 
phuric acid. If ferrocyanogen and ferricyanogen are 
absent, cyanogen may be detected by the metnod given in 
§ löö, 6. If they are present see § 226. 

dd. Should bromine, iodine, cyanogen, ferrocyanogen, 180 
ferricyanogen, and sulphur not be present, the precipi- 
tate which nitric acid has failed to dissolve consists of 
Chloride of silver. 

But where one or other of these bodies is present, a 
special examination for chlorine may become necessary, 
particularly when the quantity of the precipitate does 
not afford a decided indication.* See § 157. 
4. Chloric acid is known by the yellow color produced 181 
when a little of the solid substance is brought into contact with 
concentrated sulphuric acid in a watch glass (§ 160). 

6. Nitric acid is tested for with sulphate of iron and sul- 
phuric acid (§ 159). The presence of certain other acids (chloric, 
chromic, hydriodic) impedes this reaction. If such acids are present 
they must be destroyed or removed. Chloric acid is destroyed by 
ignition(§ 101, at the end), chromic acid is reduced bysulphurous 
acid, the sesquioxide of chromium being precipitated afterwards with 
ammonia ; hydriodic acid is removed by sulphate of silver. 

You have still to test for phosphoric acid, boracic acid, silicic 
acid and oxalic acid, as well as for livdrofluoric acid. 

For the first four acids test only in cases where both chloride 
of barium and nitrate of silver have produced precipitates in neu- 
tral Solutions. Compare also foot note to 173» 

6. Test for phosphoric acid, by adding to a portion of the 182 
fluid ammonia in excess, then chloride of ammonium and sulphate 

of magnesia (§ 142, 7). Very minute quantities of phospnoric 
acid are detected most readily oy means of molybdic acid (§ 142, 
10). Arsenic acid, if present, must be first separated by sulphu- 
retted hy drohen, the Solution being acidified and kept at 70° during 
the passage of the gas. 

7. To detect oxalic acid and hydrofluoric acid, add 
chloride of calcium to a fresh portion of the Solution. If the re- 
action of the fluid is acid, add ammonia to alkaline reaction. If 
the chloride of calcium produces a precipitate which is not re- 
dissolved by addition of acetic acid, one or ooth bodies are present. 
Examine now a sample of the original substance for fluorine accord- 
ing to § 146, ö, another sample for oxalic acid according" to § 14Ö, 7. 

8. Acidulate a portion of the fluid slightly with nydrochloric 183 
acid, then test for boracic acid, by means of turmeric paper (§ 144, 

6). Chloric, chromic, and hydriodic acids impede tue reaction. 
If present, they must be removed or destroyed as directed 181. 

* Supposing, for instance, the Solution of nitrate of silver to have produced % 
oopious precipitate insoluble in nitric acid, and the subsequent examination to have 
shown roere traces of iiniine and bromine, the presence of chlorine ma? be held to be 
demonstrated, without requiring additional proof. 
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9. Should silicic acid not yet have been found in the course 
of testing for the bases, acidulate a portion of the fluid with hydro- 
chloric acid, evaporate to dryness, and treat the residue with 
hydrochloric acid (§ 1Ö0, 2). 

Complex Compounds. 

A, 1. SlJBSTANCES SOLUBLE IN WaTER. 
DETECTION OP ACIDS. 

II. In Presence of Organic Acids. 
§200. 

1. The exammation for the inorganic acids, including' 184 
oxalic acid, is made in the manner described § 199. As the tar- 
trates and citrates of baryta and silver are insoluble, or at least 
ditficultly soluble in water, tartaric acid and citric acid can be pre- 
sent only in cases where both chloride of barium and nitrate of 
silver have produced precipitates in the neutral fluid; still, in 
drawing a conclusion, you must bear in mind that these salts are 
slightly soluble in Solutions of salts of ammonia. 

Betöre you commence testing for the oroanic acids, you 
must remove all the bases of Groups III. — VI., as described in 
the beginn ing* of § 184, since they might interfere. 

2. Make a portion of the fluid feebly alkaline with ammonia, 185 
add some chloride of ammonium, then a sufficient quantity of 
chloride of calcium, shake vigorously, and let the inixture stand 
rrom ten to twenty minutes. 

fl. No PRECIPITATE IS FORMED, EVEN AFTER THE LAP8K 

of some time. Absence of tartaric acid; pass on to 186* 

b. A PRECIPITATE IS FORMED, IMMEDIATELY, OR AFTER 

some time. Filter, and keep the fil träte for further ex- 
amination according to 186* Wash the precipitate, digest 
and shake it with Solution of soda, without applying heat, 
then dilute with a little water, filter, and boil the filtrate 
some time. If a precipitate separates, tartaric acid is 
indicated. Filter not, and test the precipitate with ammonia 
and nitrate of silver (§ 163, 8). 
8. Mix the fluid in which chloride of calcium has failed to 186 
produce a precipitate, or that which has been filtered from the 
precipitate formed — in which latter case some more chloride of 
calcium is to be added — with three measures of alcohol. 

a. No precipitate is formed. Absence of citric, malic 187 
and succinic acids. Pass on to 190- 

b. A precipitate is formed. Filter and treat the fil- 188 
träte as directed 190- Treat the precipitate as follows : — 

Wash with alcohol, dissolve on the filter in a little 
dilute hydrochloric acid, add ammonia to the filtrate to 
alkaline reaction, and boil for some time. 

a. It remains clear. Absence of citric acid. Add 
more alcohol, filter off the precipitate, which may contain 
malate and succinate of lime, wash it a little with alcohol, 
dry, dissolve in a porcelain dish in a sufficient quantity of 

T % 
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Strang nitric acid, and eraporate to drrness on tbe water- 
bath. Succinic acid will remain unchanged, malic acid is 
converted into oxalic acid witb evolution of carbonic acid. 
Boil the residue with excess of Solution of carbonate of 
soda, filter, neutralize exactlv with hvdrochloric acid, heat 
to reniove carbonic acid, and mix a small portion of the 
fluid with Solution of sulphate of lime. If a white precipi- 
tute is formed of Oxalate of lime, malic acid is indicated. 
If malic acid is indicated prepare some more of the lime 
precipitate, and confirm by testing it according to § 166 ; 
also test for succinic acid by mixing the rest of the fluid 
with excess of chloride of calcium, filtering, and adding 
alcohol to the filtrate; a precipitate indicates succinic 
acid. If malic acid has not been found, test the rest of 
the neutrulized fluid for succinic acid with sesquichloride 
ofiron(§168). 

ß. A HEAVY WHITE PRECIPITATE IS FORMED. Pre- 189 

sence of citric acid. Filter boiling, and test the filtrate 
for malic and succinic acids as in a. To remove all doubt 
whether the precipitate is citrate of lime, redissolve it in 
hydrochloric acid, heat, supersaturate a^ain with ammonia, 
and boil ; the precipitate will now be tnrown down again. 
(Compare § 164, 3.) 
4. Heat the filtrate of 188, or the fluid in which addition of 190 
alcohol has failed to produce a precipitate (187)? to expel the 
alcohol, neutralize cxattly with hydrochloric acid, and add sesqui- 
chloride of iron. If this fails to produce a light brown flocculent 
precipitate, benzoic acid is absent. If a precipitate of the kind is 
formed, filter, and heat the washed precipitate with ammonia in 
excess ; filter, evaporate the filtrate nearly to dryness, and test for 
benzoic acid with hydrochloric acid (§ 169, 2). Benzoic acid 
may generally be readily detected in the original substance, by 
treating a small portion with dilute hydrochloric acid, which will 
leave the benzoic acid undissolved; it is then filtered off and 
heatedon platinum foil (§ 169, 1). 

ö. Evaporate a portion of the Solution to dryness — if acid, 191 
after previous Saturation with soda — introduce the residue or a 
portion of the original dry substance into a test tube, pour some 
alcohol over it, add about an equal volume of concentrated sul- 
phuric acid, and heat to boiling. Evolution of the odor of acetic 
ether demonstrates the presence of acetic acid. This odor is 
rendered more distinctly perceptible by shaking the cooling or 
cold mixture. 

6. Test for formic acid by just acidifying a portion with 192 
hydrochloric acid (if not acid already), adding chloride of mercury 
and heating. A white turbidity frorn the Separation of subchloride 
of mercury indicates formic acid (§ 172, 6). Confirm by nitrate of 
silver and by nitrate of suboxide of mercury (§ 172).* 

* In the presence of chromic or chloric acid the reduetion of the silver and mer- 
cury does not take place. If chromic acid is preeent, mix the original Solution with 
sulphuric acid, add excess of oxide of lead, and shake, filter, mix the filtrate with 
excess of dilute sulphuric acid and distil. Test the distillate as above. If chloric 
acid is presont, oombine the acids with oxide of lead, and treat with alcohol ; the 
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Complex Compounds. 

A, 2. SlJBSTANCES INSOLUBLE IN WATER, BüT SOLÜBLE IN 

Hydrochloric Acid, Nitric Acid, or Nitro-hydro- 

CHLORIC AdD. 

DETECTION OF THE ACIDS. 

I. In Absence of Organie Acids. 

§ 201. 

In the examination of these Compounds attention must be 
directedto all acids, with the exception ofchloric acid. Cyanogen 
Compounds and Silicates are not examined by this method. (Coin- 
pare § 204 and § 205.) 

1. Carbonic acid, sulphur (in the form of metallic sul- 193 
phides), arsenious acid, arsenic acid and chromic acid, if 
present, have been found already in the examination for bases ; ni- 
tric acid, if present, has been detectedin the preliminary exami- 
nation, by the ignition in a glass tube (8)* 

2. Mix a sample of the substance with 4 parts of pure carbon- 194 
ate of soda and potassa, and, should a metallic sulphide be present, 
add some nitrate of soda ; fuse the mixture in a platinum crucible 

if there are no reducible metallic oxides present, in a porcelain cru- 
cible if such oxides are present ; boil the fused mass with water, and 
add a little nitric acid, leaving the reaction of the fluid, however, still 
alkaline ; heat again, filter, and proceed with the ültrate according 
to § 199.* 

3. As the phosphates of the alkaline earths are only incom- 195 
pletely decomposed by fusion with carbonate of soda and potassa, 

lt is always advisable in cases wbere alkaline earths are present, and 
phosphoric acid has not yet been detected, to dissolve a fresh sam- 
ple of the substance in nitric acid, and test for phosphoric acid 
with Solution of molybdic acid (§ 142, 10). In the presence of 
silicic or arsenic acid, prepare a Solution with hydrochloric acid, se- 
parate these acids, add nitric acid, evaporate nearly to dryness, 
dilute with water containing nitric acid and then test with molyb- 
date of ammonia. 

4. If in the examination for bases, alkaline earths have been 
found, it is also advisable to test a separate portion for fluor- 
ine, by § 146, ö. 

5. That portion of the substance which has been treated as 196 
directed in 194> can be tested for silicic acid onlv in cases where 
the fusion has been effected in a platinum crucibfe ; when a por- 
celain crucible has been used, examine a separate portion by evapo- 
rating the hydrochloric or nitric acid Solution (150, 3). 

6. Examine a separate portion of the substance for oxalic 
acid by boiling with carbonate of soda, see 198- Acidify the alka- 

formate is insoluble, the ohiorate soluble, If tartario add is present it will also be 
safer to mix tue fluid with dilute sulphuric acid and diatil off the formio acid. 

* In the presenoe of a metallic sulphide, a separate portion of it must be examined 
for sulphuric acid, by heating it with bydrochlorio acid, filtering, diluting the ültrate, 
and adding chloride of barium. 
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line filtrate with acetic acid and test with Solution of sulphate of lime. 
If a pulverulent precipitate is formed, this indicates oxalic acid. 
Connrm by taking a fresh portion of the substance, removing car- 
bonic acid if necessary by dilute sulphuric acid, and then testing- 
according to § 145, 7. 

- Complex Compounds. 

a, 2. sübstances insolüble in water, but solüble in 

Hydrochloric Acid, Nitric Acid, or Nitro-hydro- 
culoric Acid. 

detection of the acids. 

IL In Presenee of Organic Acids. 

§ 202. 

1. Gonduct the examination for inorganic acids according to 197 
§ 201. 

2. Test for acetic acid as directed § 171, 7. 

3. To a sinall portion of the substance in a watch glass add a 
little dilute hydrochloric acid. If a residue remains, this should be 
tested for benzoic acid by heating. Any considerable auantity 
of this acid is most readily detected in this way, but a small quan- 
tity might completely dissolve, it is therefore necessary to recur to 
this acid in 198* 

4. Boil a portion of the substance for a few minutes with a 198 
large excess of Solution of carbonate of soda, adding some of the 
solid if the Solution is not strong, and filter. You will now have 

all the organic acids in the filtrate as soda salts. Evaporate the 
filtrate to concentrate it, acidify with hydrochloric acid, heat to 
drive off carbonic acid and proceed according to 185- If any 
heavy metals have passed into Solution through the agency of 
organic acids, these must first be removed by hydrosulphuric acid 
or sulphide of ammonium. 

Complex Compounds, 

b. sübstances insolüble or sparingly soluble in water, 

Hydrochloric Acid, Nitric Acid and Nitro-hydro- 
chloric Acid. 

detection of the bases, acids, and non-metallic elements. 

§ 203* 

To this class belong the following bodies. 199 

Sulphate of baryta, sulphate of strontia, and sul- 
phate OF LIME.f 

Sulphate of leadI and Chloride of lead.§ 

* Compare the notes in the Third Section. 

+ Sulphate of lime passet partially into the Solution effected by water, and often 
oompletely into that effected by acids. 

t Sulphate of lead may pass oompletely into the Solution effected by acids. 

§ Chloride of lead oan here only be found if the precipitate insoluble in acids has 
not been thoroughly waihed with bot water. 
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Chloride of silver, bromide of silver, iodide of silver, 
Cyanide of silver,* ferro- and ferricyanide of silver.f 

Silicic acid and many Silicates. 

Native and ignited alumina, and many aluminates. 

Ignited sesquioxide of chromium and chromic iron (a Com- 
pound of sesquioxide of chromium and protoxide of iron). 

Ignited and native bioxide of tin (tin-stone). 

Some metaphosphates and some arsenates. 

Fluoride of calcium and a few other Compounds of fluorine. 

Sulphur. 

Carbonaceous matter. 

Of these Compounds those printed in small capitals are more 
frequently met with. As the Silicates perform a highly important 
part in mineral analysis, a special chapter (§§ 205—208) is aevoted 
to them. 

The substance is in the first place subjected to the preliminary 
experiments described in a — e, unless the quantity at disposal is 
too small, when you at once pass on to 205? bearing in inind, 
however, that the substance may contain all the aforesaid bodies. 

a. Examine attentively the physical condition of the residue, 200 
to ascertain whether it is liomogeneous or not, whether it is sandy 

or pulverulent, whether it has the same color throughout, or is 
maae up of variously-colored particles, &c. A microscope, or e ven 
a lens, will be found very useful for this purpose. 

b. Heat a small sample in a glass tube sealed at one end, if 201 
brown fumes arise, and sulphur sublimes, this is of course a proof 

of the preseuce of that substance. 

c. If the substance is black, this indicates, in most cases, the 202 
presence of carbonaceous matter (charcoal, coal, hone black, 
iamp black, graphite, <fec). Heat a small sample on platinum- 

foil over the blowpipe llame ; if the black substance is consumed, 
it consisted of carbon in some shape or other. Graphite (which 
may be readily recognised by its property of communicating its 
color to the fingers, to paper, &c.) requires the aid of oxygen for its 
combustion. 

d. Heat a small sample, with a small lump of Cyanide of potas- 203 
sium and some water, for some time, Alter, and test the hitrate 
with sulphide of ammonium. A brownish black precipitate indi- 
cates SILVER. 

e. If an undissolved residue has been left in d, wash this 204 
thoroughly with water, and if white, moisten it with sulphide of 
ammonium ; if it turns black, salts of lead are present. If, how- 
ever, the residue left in d is black, heat it witn some acetate of 
ammonia, adding a few drops of acetic acid, fiiter, and test the fil träte 

for lead, by means of sulphuric acid and hydrosulphuric acid.t 

* ßromide, iodide, and Cyanide of silver are deoomposed by boiling with nitro - 
hydrochloric acid, and converted into chloride of silver ; they can acoordingly be found 
here only in cases where the Operator has to deal with a substance which — as nitro« 
liydrochloric acid has failed to effect its Solution — is examined directly by the niethod 
described here. 

t With regard to the examination of these Compounds, compare also § 204. 

t The presence of lead in Silicates, e.g. in glass, cannot be detected by this 
method. 
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The results obtained by these preliminary experiments serve as 
*a guide in the fbllowing course. 

1, a. Salts of lead are not present. Pass on to 206- 205 
b. Salts op lead are present. Heat the substance re- 
peatedly with a concentrated Solution of acetate of ainmonia 
until tue salt of lead is completely dissolved out. Test a 
portion of the filtrate for chlorine, anotherfor sulphuric 
acid, and the reminder for lead, by addition of sulphuric 
acid in excess, and by hydrosulphuric acid. If acetate of 
ammonia has left a residue, wash this, and treat it as 
directed in 206* 

2, a. Salts of silver are not present. Pass on to 207- 206 
b. Salts of silver are present. Digest the substance 
free from lead repeatedly with Cyanide of potassium and 
water, at a gentle heat (in presence of sulphur in the cold), 
until all the salt of silver is removed. If a residue is left, wash 
this and proceed with it according to 207« Of the ßUrate, 
which contains Cyanide of potassium, mix the larger portion 
with sulphide of ammonium, to precipitate the silver. Wash 

the precipitated sulphide of silver, then dissolve in nitric 
acid, dilute the Solution, and add hydrochloric acid, to ascer- 
tain whether the precipitate really consisted of sulphide of 
silver. Test anotuer small portion of the filtrate for sul- 
phuric acid.* 

3, a. Sulphur is not present. Pass on to 208* 207 
b. Sulphur is present. Heat the substance free from 
silver and lead in a covered porcelain crucible until all the 
sulphur is expelled, and if a residue is left, treat this accord- 
ing- to 208. 

4, Mix the substance free from silver, lead, and sulphur with 208 
2 parts of carbonate of soda, 2 parts of carbonate of potassa, and 

1 part of nitrate of potassa, f heat in a platinum crucible until the 
mass is in a State ot calm fusion, place the red-hot crucible on a 
thick cold iron plate, and let it cool. By this means you will 
generally succeed in removing the fused mass from the crucible in 
a cake. Soak the mass now in water, boil, filter, and wash the 
residue until chloride of barium no longer produces a precipi- 
tate in the washings. (Add only the first washings to the 
filtrate.) 

a. The Solution so obtained contains the acids which were 209 
present in the substance decomposed by fusing. But it may, 
besides these acids, contain also such bases as are soluble in 
caustic alkalies. Proceed as follows : — 

a. Test a small portion for sulphuric acid. 

ß. Test another portion (after acidifying with nitric acid) 

* As the carbonate of potasna contained in the Cyanide of potassium may have pro* 
duced a total or partial decomposition of sulphates of the alkaline eartbs. 

t Addition of nitrate of potassa is useful even in the case of white powders, as it 
counteracts the injunous «action of Silicate of lead, should any be present, upon the 
platinum crucible. In the ca*e of black powders the pro portion of nitrate of potassa 
must be correspondiogly increased, in order that carbon, if present, may be consomed 
as completely as possible, and that any chromic iron present may be more 
thoroughly decomposed. 
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with molybdic acid for phosphoric acid and arsenic 
acid (§ 142, 10). If a yellow precipitate forms, test for 
arsenic acid with sulphuretted hydrogen and remove it by 
the same means if present, separate silicic acid if present, 
and then test again for phosphoric acid. 
y. Test another portion for fluorine (§ 146, 7). 
Ä. If the Solution is yellow, chromic acid is present. 
To co n firm, acidify a portion of the Solution with acetic 
acid, and test with acetate of lead. 

c. Acidify the remainder with hydrochloric acid, evapo- 210 
rate to dryness, and treat the residue with hydrochloric acid 
and water. If a residue is left which refuses to dissolve 
even in boiling water, this consists of silicic acid. Test 
the hydrochloric acid Solution now in the usual way for 
those bases which, being soluble in caustic alkalies, may be 
present. 

b. Dissolve the residue left in 208 in hydrochloric acid 211 
(effervescence indicates the presence of alkaline earths — a 
residue insoluble in hydrochloric acid would have to be ex- 
amined according to § 130, 8, as it might be binoxide of 
tin), and test the Solution for the bases as directed in § 190. 
(If much silicic acid has been found in 210? it is advisable to 
evaporate the Solution of the residue to dryness, and to treat 
with hydrochloric acid and water, in order that the silicic acid 
remaining may also be removed as completely as possible.) 

5. If you have found in 4 that the residue insoluole in acids 212 
contains a Silicate, treat a separate portion of it according to 228, 

to ascertain whether this Silicate contains alkalies. 

6. If a residue is still left undissolved upon treating the residue 213 
left in 208 with hydrochloric acid (211), this may consist either 

of silicic acid which has separated, or of an undecomposed portion 
of sulphate of baryta ; it may, however, also be fluoride of calcium, 
and if it is dark colored, chromic iron, as the last-named two 
Compounds are only with diffi culty decomposed by the method given 
in 208. As to fluoride of calcium, it may be easily decomposed by 
sulphuric acid. Chromic iron is best treated as follows : — Fuse 
12 parts of bisulphate of potassa and project 1 part of the finely 

Eowdered mineral into thecrucible, stir often and keep up the heat for 
alf an hour, first gently, then raising it tili the second equivalent 
of sulphuric acid is driven off. Add 6 parts of carbonate of soda, 
fuse, add gradually 6 parts of nitrate of potassa and after some 
time increase the heat, stirring diligently with a platinum wire. 
Finally allow to cool and boil with water. 

7. If the residue insoluble in acids contained silver, you have 214 
still to ascertain whether that metal was present in the original 
substance as chloride, bromide, iodide, &c, or whether it has oeen 
converted into the form of chloride by the treatment employed to 
effect the Solution of the original substance. For that purpose 
treat a portion of the original substance with boiling water until 

the soluble part is completely removed ; then treat the residuary 
portion in the same way with dilute nitric acid, wash the undis- 
solved residue with water, and test a small sample of it for silver 
according to 203* If silver is present, proceed to ascertain the sali- 
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SECTIOS IL 

FEA'TKAL COCBSE IX PAETTCTULE CJL5E5. 

J. Avali^h of Cyanide*. Ferroctaxide*. etc.. issolfble 

15 WjlTEÄ, A*U ALSO OF MIXED?rKTAXCE» CO*TAI5I3TG 

* r; *, h ( ;om fo i; 5 De.* 

TffK analvM« of ferrocTanides, ferricTanides, Äc. dt the com- 215 
ihoii roethod j* often attended bv the manifestaäon of such anoma- 
Jon* r<fi';tiorj* an eauilv to mufead the analv*t. Moreover, acids 
oiu>n ftnl to etfrct the coiaplete Solution of the&e Compounds. 
Ynr i\t<'*t'. ronhoiiti it is advi*able to analvse them, and mixtnres con- 
tüininjr thein, by the followinsr special method : — 

1 . 'l'rfM the hiibhtance with water until the soluble parts are 
entirely reuioved, and boil the residue with strongr Solution of po- 
ta**a or soda; hfU'.r a few minutes' ebullition add some carbonate 
of noda, and boil aguin for some time; filter, should a residue re- 
maiii, and wa*h the latter. 

a. Tke residue which is now free from cyanogen, (unless 216 
the HiibHtance contuiriH Cyanide of silver,) is examined üj the 
common method, beßinmng at 35- 

b. The Molutum, which, it combinations of Compound cja- 217 
nog-on radicals (ferrocyanogen, cobülticyanogen, &c.) 9 are 
prcHcnt, containH these combined with alkali metals, may also 
contain other acidts, which have been separated from their 
buKC» by Iwiling" with carbonate of soda, and lastly also, such 
oxides as are soluble in caustic alkali es. Treat it as follows — 

a. Mix the alkaline fluid with hydrosulphuric acid, to test 218 
for metals of the fourth and fifth ^roups.f 

aa. No permanent precipitate isfvrmed. Absence of zinc 
and lead. Pass on to 219* 

* Cotnpare the notet in the Third Seotion. 

+ Vou muit, of oourse, avoid »dding eolation of hydrosulphuric acid, or con- 
ducting hydroeulphuno »cid gM into the fluid, until the niixture «tue 11s of the reageot 
(accordiügljr, untd all the alkali prewnt ha« been oooverted into hydroeulpbale of 
■ulphide ot alkali tuetal), liuoe this miglit lead to the precipitation also of the alumina 
which may be present in the alkaline Solution, and even of sulphides of metals of Um 
ilxth group— a precipitation which is not intended here. 
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bb. A permanent precipitate is formed. Add to the fluid a 
little yellow sulphide of sodium, drop by drop, until the 
metals of the fourth and fifth groups presentin tne alkaline 
Solution are just thrown down, heat moderately, filter, and 
treat the filtrate as directed 219- Dissolve the washed 
precipitate in nitric acid, which may leave sulphide of 
mercury behind, and examine the Solution for copper and 
lead, as well as for zinc and other metals of the fourth 
group, which may, in the same way as copper, have 
passed into the alkaline Solution, by the agency of organic 
matters. 

ß. To test the alkaline fluid, which now also contains some 219 
sulphide of an alkali metal, for mercury (which may be pre- 
sent, as its sulphide is soluble in sulphide of potassium), and 
for metals of tne sixth group, mix with a sumcient quantity 
of water, then with dilute sulphuric acid to acid reaction, 
and if the fluid does not smell strongly of hydrosulphuric 
acid, add some more of the latter reagent. 

aa. No precipitate is formed. Absence of mercury and 
the oxides of the sixth group. Pass on to 220- 

bb. A precipitate u formed. Filter, wash the precipitate, 
then examine it for mercurv and the metals of the sixth 
group according to § 191. 

y. The fluid, acidified with sulphuric acid, may still con- 220 
tain those metals which in combination with cyanogen form 
Compound radicals (iron, cobalt, manganese, chromium), 
and, besides these, also alumina. You have to test it also for 
cyanogen, ferrocyanosfen, cobalticyanogen, &c, and for 
other acids. Divide it therefore into two parts, aa and bb. 
aa. Treat it according to § 199 or, as the case may be, 
§ 200 to detect the acids.* (Cobalticyanogen may be re- 
co^nised by giving a greenish precipitate with nictel salts 
and white precipitates with zinc and manganese salts, 
which may De proved to contain cobalt by means of the 
borax bead.) 

bb. Evaporate it nearly to dryness, add some pure con- 

centrated sulphuric acid and heat tili the free acid is for 

the most part expelled. Dissolve the residue in water and 

test the Solution for iron, manganese, cobalt, alumina, 

and sesquioxide of chromium according to § 194. 

2. Decompose another portion by continued heating with pure 

concentrated sulphuric acid, remove all other bases and then test 

for alkalies. 

IL Analysis of Silicates. 

§20ö. 

Whether the substance is a Silicate or contains one, is ascer- 221 
tained by the preliminary examination with phosphate of soda and 
ammonia before the blowpipe ; since in the process of fusion the 

* It roast be remembered that ferricyanogen may have been eonverled into ferro- 
cyanogen by tbe oxidation of certain bases, &c, thus: — Cy t Fe- 3K + KO, UO 
+ 2Fe 0-2 (Cy, Fe, 2 K) + Fe, O, + H O. 
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metallic oxides dissolve, whilst the separated silicic acid floats abont 
in the liquid bead as a translucent swollen mass (§ 150, 8). 

The analysis of Silicates differs, strictlj speaking, from the 
common course only in so far as the preparatory treatment is con- 
cerned, which is required to separate the silicic acid from the bases, 
and to obrain the latter in Solution. 

The Silicates and double Silicates are divided into two classes, 
which require ditferent methods of analysis; viz., (1) Silicates 
readily decomposable by acids (hydrochloric acid, nitric acid, sul- 
phuric acid), and (2) Silicates which are not, or only with difficulty, 
decomposea by acids. Many rocks consist of mixtures of the two 
classes of Silicates. 

To ascertain to which class a given Silicate belongs, reduce it 
to a very fine powder, and digest a portion with hydrochloric acid 
at a temperature near the boiling point. If this fails to decom- 
pose it, try another portion by long-continued heating with a mix- 
ture of three parts of concentrated sulphuric acid and 1 part of 
water. If this also fails, the Silicate belongs to the second class. 
Whether decomposition has been effected by the acid or not. 
may generali)' be learned from external indications, as a colorea 
Solution forms almost invahably, and the separated gelatinous, 
flocculent, or finely pulverulent hydrate of silicic acid takes the 
place of the original heavy powder which grated under the glass 
rod with which it was stirred. But whether the decomposition 
is complete, or extends only to one of the components of the rock, 
may be ascertained by boiling the separated hydrate of silicic 
acid, after washing, in a Solution of carbonate of soda. If per- 
fect Solution ensues, complete decomposition has been effected; 
if not, the decomposition is only partial. The results of these pre- 
liminary tests will show whether the Silicates should be examined 
according to § 206, or § 207, or § 208. 

Betöre proceeding further, examine a portion of the substance 
also for water, by heating it in a glass tube. If the substance 
contains hygroscopic moisture, it must first be dried at 100° for 
a long time. Apply a gentle heat at first, but ultimately an in- 
tense heat ; you may also conveniently combine with this a pre- 
liminary examination for fluorine (§ 116, 8). 

A. Silicates decomposable bt Acids. 

§206. 

a. Silicates decomposable by hydrochloric or nitric acid,* 

1. Digest the finely pulverized Silicate with hydrochloric acid at 222 
a temperature near the boiling-point, until complete decomposition 
is effected, filter off a small portion of the fluid, evaporate the re- 
mainder, together with the silicic acid suspended therein, to dry- 
ness, beat the residue at 100° (scarcely above) with constant stir- 
ring, until hardly any more hydrochloric acid fumes escape, allow 
to cool, moisten with hydrochloric acid or, as the case may be, with 
nitric acid, after wards add a little water, and heat gently for some 
time. 

* Nitrio acid ii preferable to hydrochlorio aoid wbere Compounds of flüver or letd 
arepreeent 
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This Operation effeets thp Separation of the silicic acid, and tiie 
Solution ot the liases in the form ofchlorideBor nitrates. Filter, wash 
the resiilue thorouphly, and exumine the Solution bv the common 
niethod, bejriiininjr at $180, II. or III. The residual silicic acid must 
always be tctrted, as it canuot under ony circumstances be considered 

Cure. It frequently eontains titanic acid, occnsionully sulp taste of 
urvta, pussibly als» sulphntc of strontia, and offen a little nhunina., 
It is best tested by repeated hentiiisr in a platinum dish with 
liydrofliiriric und sulphuric ucids. until all the silicic acid is remored 
in the form of tiunride of ülicon, The residue is ifrnited, fused 
with bisulphnte of potnssa nnd then treated with cold water. If 
anvthinj/ insoluble nuw remnins, it is filternd off and tested aecord- 
ingto § Ö!> for sulphatk of bahvta (and strontia). The dilute 
aqueous Solution ia tested by Ion«: boiling for Titanic acid* 
(j 104, 0), and the filtrate thcrefrom is tested by ammonia for 
aluuina. (Sbould tbere be any chance of the presence of 
chloride of silver in the silicic ncid, di^-cst aportion with ammonia, 
älter and exumine the tiltmte by supersaturutiou with nitric acid.) 

2. As in Silicates, and more particularly in those decomposcd 223 
by hvdrocholoric arid, there are offen found nther ucids, as well as 
metalloids, the followiug observations und Instructions must be 
attended to, that none of tliese substiinces muy be overlooked : — 
a. Carbonates are detected in the proccss of treating 
with hydrochlorie acid. Sui.phidks are often detected in 
the sarue Operation, otherwise they are tested for according 
to $ 16«, 8. 

ß. If the separat cd silicic acid is blnck, and turns white 
npon ignition in the air, this indicates the presence of 
CARBON Or of ORUAN1C SUB3TANCE9. In presence of the 
bitter, the Silicates emit an empyreumatic odor upon being 
heated in the glass tuhe. 

jr. Test the portion of the bydrochloric acid Solution filtered 
off before evaporating; for sclphurio acid, phosphoric 
acid, and arsenic acid — for sulphuric acid by diluting 
and adding chloride of barium ; for arsenic acid by heating 
ihe Solution to 70° and conducting sulphuretted liydrogen 
into it ; for phosphoric acid by adding nitric acid, cvapo- 
rating to dryness on the water-bath, wnrmiug the resiilue 
with nitric acid, tiltering and adding raolybdate of ammonia. 
Whero arsenic is found, phosphoric acid is tested for in the 
find filtered from the sulphide of arsenic. 

* t'nwACic ACID U best detected by fusing a portion of 224 
in a platinum spoon with carbonato of soda and 

been <ei»rnte<l hv ci 
'will befound ranii.il 

«id will be precijiiutwi by -mimonia m oonjunotion with 

Iiimiii«. To Sud Uns, fusi- the dried preoipitata with 

the funinn in cild water, IUUt if necwiiry, dilute ood- 

nlrogeii utit'l itll tili' ^•sr|iiiaxida of iron a reduced, 

--' \mp the fluid Iwiling for hilf u hoar with * 

15 througb it. Filter, wuh uid ignite; the 

" '«nein. ' ■ ■ . It itill oonUiii iron, rodii- 

■ad I !.:.-.■■■. 1 with oold witar, aöd pN- 
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potassa, boiling the fused mass with water, and testing the 
Solution by § 144, 6. 

€. With manj Silicates, boiling with water iß sufficient to 
dissolve the Chlorides present, which may then be readily 
detected in the Hl träte by nitrate of silver ; the safest way, 
however, is to dissolve the mineral in dilute nitric acid, and 
test the Solution with nitrate of silver. 

' f. Fluorides, which often occur in Silicates in greater or 
smaller proportion, are detected by § 146, 6. 

b. Silicates may resist the action of hydrochloric arid, but are decon- 
posed by concentrated sulphuric arid. 

Heat the finely pulverized mineral with a mixture of 3 parts 225 
of concentrated pure sulphuric acid and 1 part öf water (best in a 
platinum dish), nnally drive olf the greater portion of the sulphuric 
acid, boil the residue with hydrochloric acid, dilute, filter, and 
treat the filtrate as directed § 11)0 ; and the residue, which, besides 
the separated silicic acid, may contain also sulphates of the alka- 
line earths, &c, as directed § 206, 1. If .you wish to examine 
Silicates of this class for acids and salt radicals, treat a separate 
portion of the substance according to § 207. 

B. Silicates which are not decomposed by Acids.* 

§207. 

As the Silicates of this class are most conveniently decomposed 226 
by fusion with carbonate of soda and potassa, the portion so 
treated cannot, of course, be examined for alkalies. The analy- 
tical process is therefore divided into two principal parts, a portion 
of the mineral being examined for the silicic acid and the bases, 
with the exception of the alkalies, whilst another portion is spe- 
cially examined for the latter. The mineral must also be examined 
for other acids. 

1 . Detection of the silicic acid and the bases , with the exception qf 
the alkalies. 

Reduce the mineral to a very fine powder, mix this with 4 227 
parts of carbonate of soda and potassa, and heat the mixture in a 
platinum crucible over a gas or Berzelius spirit-lamp until the 
mass is in a State of calm fusion. Place the red-hot crucible on a 
thick cold iron plate, and let it cool there : this will generally 
enable you to remove the fused cake from the crucible, in whicn 
case break the mass to pieces, and keep a portion for the exami- 
nation for acids. Put the remainder, or, if the mass still adheres 
to the crucible, the latter with its contents into a porcelain dish. 
pour water over it, add hydrochloric acid, and heat gently until 
the mass is dissolved, with the exception of the silicic acid, which 

* It will be understood, from what has been stated § 205, that these are not 
decomposed by heating with hydrochloric acid and sulphuric acid in open ve*8els ; 
but by heating them, reduced to a fine powder, in a sealed glass tube, with a mixture 
of 3 parts of concentrated sulphuric acid and 1 part of water, or with hydrochloric 
acid, to 200° — 210°, most of them are decomposed, and may accordingly be analysed 
also in this manner (Al. Mitbouerlioh). 
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separates in flakes. Itemove the crucible from the disb if necessary, 
evaporate to dryness, and treat the residue as directed 222- 

2. Detection of the alkalies. 

To effect this the Silicate must be decomposed by means of 228 
a substance free from alkalies. Hydrofluoric acid or a metallic 
fluoride answers this purpose best; but fusion with hydrate of 
baryta will also answer the purpose. 

a. DECOM POSITION BY MEANS OF A METALLIC FLUO- 
RIDE. — Mix 1 part of the very finely pulverized mineral with 

ö parts of fluoride of barium, or pure, finely pulverized 
fluoride of calcium, or with 3 parts of iluoride of ammonium, 
stir the mixture in a platinum crucible with concentrated 
sulphuric acid to a thicKish paste, and heat gently for some 
time in a place where the fumes will be well carned away ; 
finally heat a little more strongly, until the excess of sulphuric 
acid is completely expelled. Boii the residue with water, add 
chloride of barium cautiously as long" as a precipitate continues 
to form, then baryta-water to alkaline reaction, boil, filter, 
mix with carbonate of ammonia and some ammonia as long 
as a precipitate forms, and proceed as directed 168. 

b. DECOMPOSITION BY MEANS OF HYDRATE OF BARYTA. — 229 

Mix 1 part of the very finely pulverized substance with 4 
parts of hydrate of baryta, expose the mixture for half an 
nour in a platinum crucible to the strengest possible heat of a 
good Berzelius or gas-lamp, and treat the fused or agglutinated 
mass with hydrochloric acid and water until all the bases are 
dissolved ; precipitate with ammonia and carbonate of am- 
monia, filter, evaporate to dryness, ignite, dissolve the residue 
in water, add a little pure lime, boil, filter, precipitate again 
with ammonia and carbonate of ammonia, filter, evaporate, 
ignite, and test the residue for potassa and soda as directed 

3. Examination for ßuorinc, chlorine 9 boraeie acid, phosphoric acid, 
arsenic acid, and sulphuric acid. 

Use for this purpose the portion of the fused mass reserved in 230 
227, or y if necessary, fuse a separate portion of the finely pul- 
verized substance with 4 parts of pure carbonate of soda and 
potassa until the mass flows calmly ; boil the fused mass with 
water, filter the Solution, which contains all the fluorine as fluoride 
of sodium, all the chlorine as chloride of sodium, all the boracic 
acid as borate, all the sulphuric acid as sulphate, all the arsenic 
acid as arsenate, and at least part of the phosphoric acid as phos- 
phate of soda, and treat as follows : — 

a. Acidify a small portion with nitric acid, and test for 
chlorine with nitrate of silver. 

b. Test another portion for boracic acid as directed 
§ 144, 6. 

c. To detect fluorine, treat a third portion as directed 
§ 146, 7. 

d. Acidify the remainder with hydrochloric acid and test a 
small portion with chloride of barium for sulphuric acid: 
heat the remainder to 70°, and test with hydrosulphuric acid 
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for arsen ic aoid. If no precipitate forms, evaporate the 
fluid, if a precipitate forms, the filtrate, with addition of nitric 
acid, to dryness, treat the residue with nitric acid and water, 
and examine the Solution for phosphoric acid with sulphate 
of magnesia, or with molybdate of ammonia (§ 142). 

C. Silicates which are partially decomposed by Acids. 

§208. 

Most rocks are mixtures of several Silicates, of which some are 231 
often decomposable by acids, others not. If such substances were 
analyzed by the same method as the absolutely insoluble Silicates, 
the analyst would indeed detect all the elements present, but the 
analysis would afford no satisfactory insight into the actual com- 
positum of the mineral. 

It is therefore advisable to examine separately those consti- 
tuents which show a difFerent deportment with acids. For this 
purpose digest the very finely pulverized substance for some time 
with hydrochloric acid at a gentle heat, filter oflf a small portion of 
the Solution, evaporate the remainder with the residue to dryness, 
heat the residue at 100° (scarcely above), with stirriuff, until no 
more, or very little hydrochloric acid vapor is evolved, allow to 
cool, moisten with hydrochloric acid, heat gently with water, and 
filter. 

The filtrate contains the bases of that part of the mixed 
mineral which has been decomposed by liydrochloric acid; 
examine this as directed 222- Examine the portion first filtered 
oflf as directed 223, y. Test portions of the original substance for 
orher acids as directed 223 * & ß and 224- ßoil the residue — 
which, besides the silicic acid separated from the decomposed 
portion of the Silicate, contains that part of the mixed mineral 
which has resisted the action of the hydrochloric acid — with an 
excess of Solution of carbonate of soda, filter hot, and wash, first 
with hot Solution of carbonate of soda, finaily with boiling water. 
Treat the residuary undecomposed part of the mineral, thus freed 
from the admixed separated silicic acid, according to § 207. 
Acidify the alkaline filtrate with hydrochloric acid, evaporate to 
dryness, treat with hydrochloric acid and water, filter off the silicic 
acid, render the filtrate alkaline with ammonia and warm ; the 
precipitate thus formed (if any) is to be treated with the separated 
silicic acid according to 222, in order to detect titanic acid. In 
cases where it is of no interest to eflfect the Separation of the silicic 
acid of the part decomposed by acids, you may omit the trouble- 
some Operation with carbonate of soda, and may proceed at once 
to the aecomposition of the residue. 

III. Analysis of Natural Waters. 

§209. 

In the examination of natural waters the analytical process is 232 
simplified by the circumstance that we know from experience what 
substances are usually present. Now, although a quantitative 
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analysis alone can properly inform us of the true character of a 
water, since the differences between waters are principally caused 
by the different proportions of the constituents : still a qualitative 
analysis may render very good service, especially if the analyst 
notes whether a reagent produces a faint or a distinctly marked 
turbidity, a slight or a copious precipitate; since these circum- 
stances will enable him to make an approximate estimation of the 
relative proportions of the constituents. 

I separate here the analysis of ordinary drinking waters frorn 
that of mineral waters, in which latter we may also include sea- 
water ; for, although no well-defined line can De drawn between 
the two classes, still the analytical examination of the former is 
necessarily by far the simpler, as the number of substances to be 
looked for is much more limited. 

A. Analysis of Potablb Waters (Spring-water, 
Well-water, River- water, &c.) 

§ 210. 

We know from experience that the substances to be had regard 233 
to in the analysis of such waters are the following : — 

a. Bases : Potassa, soda, ammonia, lime, magnesia, protoxide 
of iron. 

b. Acids, &c. : Sulphuric acid, phosphoric acid, silicic acid, 
carbonic acid, nitric acid, nitrous acicl, chlorine. 

e. Organic matter. 

d. Mechaxically suspended substances : Clay, &c. 

Potable waters contain indeed also other constituents besides 
those enuraerated here, as may be inferred from the origin and 
formation of Springs, <fcc, and as has, moreover, been fully 
established by the results of analytical investi^ations ;* but the 
quantity of such constituents is so trifling tnat they escape 
aetection, unless hundreds of pounds of the water are subjected 
to the analytical process. I therefore omit here the mode of their 
detection (see § 211). 

1. Boü 1000 to 2000 grm. of the carefully collected water in 234 
a porcelain dish to one half. (Glass vessels are to be avoided, as 
boiling water attacks them much more than porcelain.) This 

Sjfenerally produces a precipitate. Pass the fluid through a per- 
ectly clean filter (free from iron and lime), wash the precipitate 
well, after having removed the filtrate, then examine both as 
follows : 

a. Examination of the precipitate. 

The precipitate contains those constituents of the water 235 
which were only kept in Solution through the agency of free 

* Chatin (Journ. de Pharm, et de Chim. (3), 27, 418) found iodine in all fresh- 
water plante, but not in land plante, a prcof that the water of rivere, brooka, 
ponds, &c, contains traces, even though extreratly minute, of raetallic iodidei. Ac- 
cording to Marchand (Comp. RencL, 81, 495), all natural waters contain iodine, 
bromine, and lithia. Van Ankum has demonstrated the presence of iodine in almott 
all the potable waten of Holland. And it may be affirmed with the saroe oertainty 
that au, or at all eventa moat, natural waten contain Compounds of strontia, baryta, 
fluorine, ftc 

I. V 
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carbonic acid, or, as the case may be, in the form of bicar- 
bonates, viz., carbonate of lime, carbonate of magnesia, ses- 
quioxide of iron (which was in Solution as bicarbonate of 
protoxide of iron, and precipitates upon boiling as hydrate, 
as Silicate, and in presence of phosphoric acid, also as phos- 
phate), phosphate of lime : also silicic acid, sometimes sul- 
phate of lime (if that substance is present in large proportion) 
and clay wbich was mechanically suspended in tbe water. 

Dissolve the precipitate on the filter in the least possible 
quantity of dilute hydrochloric acid (effervescence indicates 
carbonic acid), and treat separate portions of the Solution 
as follows : — 

a. Add sulphocyanide of potassium, or ferrocyanide of 
potassium, drop by drop, to test for iron. 

ß. Boil, add ammonia, filter if necessary, mix the 236 
filtrate with excess of Oxalate of ammonia, and let tbe 
mixture stand for some time in a warm place. A white 
precipitate indicates lime (in the form of carbonate, or 
also in that of sulphate if sulphuric acid is detected in y). 
Filter, mix the faltrate again with ammonia, add some 
phosphate of soda, stir with a glass rod, and let the 
mixture stand for twelve hours. A white crystalline preci- 
pitate, which is often visible only on the sides of the vessel 
when the fluid is poured out, indicates magnesia (as car- 
bonate). 

y. Add chloride of barium, and let the mixture stand for 
twelve hours in a warm place. A precipitate indicates 
sulphuric acid. If very small it is best seen by cau- 
tiously decanting the supernatant clear fluid and shaking 
the small remaining quantity about in the glass. 

d. Evaporate with addition of nitric acid to dryness, 237 
treat the residue with nitric acid and water, filter off any 
silicic acid and test the filtrate for phosphoric acid 
with molybdate of ammonia (§ 142, 10), or with acetate of 
soda and sesquichloride of iron (§ 142, 9). 
b. Examination of theßltrate. 

a. Mix a portion with a little hydrochloric acid and 238 
chloride of barium. A white precipitate, which makes its 
appearance at once, or perhaps only after Standing some 
time, indicates sulphuric acid. 

ß. Mix a portion with nitric acid, and add nitrate of 

silver. A white precipitate or turbidity indicates chlorinb. 

y. Test a portion for phosphoric acid, by evaporating 

with nitric acid, taking up with the same and proeeeding 

as in 237. 

d. Evaporate a large portion until highly concentrated, 
and test the reaction of the fluid. If it is alkaline, if a drop 
of the concentrated clear Solution effervesces when mixed 
on a watch-glass with a drop of acid, and if carbonate of 
lime precipitates on the cautious addition of chloride of 
calcium to the alkaline fluid, then a carbonate of an alkali 
is present. Should this be the case. evaporate the fluid to 
perfect dryness, boil the residue with spirit of wine, filter, 
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evaporate the Solution to dryness, dissolve the residue in a 
little water, and test the Solution for nitric acid as 
directed § 159, 7, 8, or 9.* 

€. Mix the remainder of the filtrate with chloride of am- 
monium, ammonia, and excess of Oxalate of ammonia, and 
let the mixture stand some Urne. A precipitate indicates 
lime. Filter, and — 

aa. Test a small portion with ammonia and phosphate 

of soda for magnesia. 
bb. Evaporate the remainder to dryness, ignite, remove 

the magnesia which may he present (168), and test for 

potassa and soda, according to § 197. 

2. Acidify a tolerably large portion of the filtered water with 239 
pure hydrochloric acid, and evaporate nearly to dryness ; divide * 
the residue into two parts, a and b. 

a. Test with hydrate of lime for ammonia (§ 91, 3).f 

b. Evaporate to dryness, moisten the residue with hydro- 
chloric acid, add water, warm, and filter if a residue remains. 
The residue may consist of silicic acid and, if the water 
has not been filtered quile clear, also of clay; these two 
substances may be separated by boiling with Solution of car- 
bonate of soda. The residue is often dark-colored from the 
presence of organic substances; but it becomes perfectly 
white upon ignition. 

3. Mix another portion of the water, freshly taken, with lime- 240 
water. If a precipitate is produced, free carbonic acid or 

bicarbonates are present. If free carbonic acid is present, no 
permanent precipitate is obtained when a large portion of the 
water is mixed with only a small amount of lime-water, since in 
that case soluble bicarbonate of lime is formed. 

4. Test for nitrous acid,! by mixing a portion of the water 241 
with some iodide of potassium and starch paste (made of 1 part of 
the purest iodide of potassium, 20 parts of starch, and 500 parts of 
water) and pure dilute sulphuric acid, and observe whether a blue 
coloration makes its appearance, either at once or, at least, after a 
few min utes (§ 158, 1). The reagents should be tested by making 

a counter experiment with pure water. 

5. Organic matter is detected by the blackening which 242 
occurs when a portion of the water is evaporated to dryness and 
gently ignited. If this experiment is to give conclusive results 
the evaporation as well as the ignition must be conducted in a flask 

or retort. 

6. Fetid substances (decaying organic matter) are detected 
best bv filling a bottle two-thirds with the water, covering it 
with the band, shaking, and smelling. If the smell is of sulphu- 
retted hydrogen proceed as directed § 212, 3. Whether there are 
other smelling organic matters present besides, may be ascertained 

* The nitric acid may often be found witbout trouble, by evaporatiog the water to 
a amall residue, and testing this at once for it. 

f In clear water ammonia may be tested for quite satisfactorily without evaporating 
either by means of chloride of mercury and carbonMe of potassa or by Nl38LBB't» 
test (§ 92). 

% Schöfbuh fonnd this acid in rain- and snow-water. 

ü2 
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by adding a little sulphate of copper to the water, before smell- 
ing it. 

7. If you wish to examine the matters mechanically sus- 245 
pended in a water, (in muddy river-water, for instance) fill a 
large glass bottle with the water, cork securely, and let it stand at 
rest for several days, until the suspended matter has subsided ; 
remove now the clear supernatant fluid with the aid of a syphon, 
filtcr the remainder, and examine the sediment remaining" on the 
filter. As this sediment may consist of the finest dust ot various 
minerals, treat it first with dilute hydrochloric acid, then examine 
the part insoluble in that menstruum as directed § 205. 

8. As oxide of lead may be present, arising frorn leaden 
pipes, treat a large quantity with sulphuretted h} f drogen, allow 
.to stand for some time, and should a black precipitate form, 
examine this as directed § 193. To detect very minute traces of 
lead, acidify G or 8 litres of the water with acetic aeid, add a little 
acetate of ammonia, to prevent the lead precipitating as sulphate, 
evaporate to a small residue, filter, conduct hydrosulphuric acid 
into the ultra te, and examine a black precipitate which may form 
by § 193. 

B. Axalysis of Mineral waters. 

§211. 

The analysis of mineral waters embraces a larger number of 244 
constituents than that of potable water. The following are the 
principal of the additional bodies to be looked for : — 

Oxide of cjesium, oxide of Rubidium, oxide of Thal- 
lium, LITHIA, BARYTA, STRONTIA, ALUMINA, PROTOXIDE OF 
MANOANESE, BORACIC ACID, BROMINE, IODINE, FLUORINE, 

hydrosulphuric acid (hyposulphurous acid),* CRENIC acid 
and apocrenic acid, (formic acid, propionic acid, &c, nitrogen 
gas, oxygen gas, light carburetted hydrogen gas).* 

The analyst has moreover to examine the muddy ochreous or 
hnrd sinter-deposits of the spring, or also the residue left upon the 
evaporation oi very large quantities of water, for arsenious acid, 

ARSENIC ACID, TEROXIDE OF ANTIMONY, OXIDE OF COPPER, 
OXIDE OF LEAD, PROTOXIDE OF COBALT, PROTOXIDE OF NICKEL, 

and the oxides of other heavy metals. The greatest care is 
required in this examination, to ascertain whether these oxides 
come really from the water, and do not perhaps proceed from metal 
pipes, stopcocks, cfecf The absolute purity of the reagents em- 
ploved in diese delicate investigations must also be ascertained 
with the greatest care. 

* Respecting the constituents in brackets, I refer to the corresponding chapter in* 
my Quantitative Analysis, as the detection of these matters generally ooznprises also* 
their quantitative estimation. 

t On the subject of water analysis, compare the following works by Dr. Frese- 
nius : — Chemische Untersuchung der wichtigsten Nassauischen Mineralwasser, I. 
der Kochbrunnen zu Wiesbaden, II. die Mineralquellen zu Ems, III. die Quellen 
zu Schlangenbad, IV. die Quellen zu Langenschwalbach, V. die Schwefelquelle itt 
Weilbach, VI. die Mineralquelle zu Geilnau, VII. die neue Natronquelle zu Weil- 
bach, VIII. die Mineralquelle zu Niederselters, IX. die Mineralquelle zu Fachingen ; 
Wiesbaden : Kreidel, 1850 — 1863. Untersuchung der Mineralquellen zu Wildungen } 
Aroiren : Mittler, 1860. Analyse des Kaiser- und des Ludwigsbrunnens, wie der 
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I. EXAMINATION OF THE WATER. 

a. Operations at the Spring. 

§ 212. 

1. Filter the water, if not perfectly clear, through exhausted 245 
filter paper, into larg*e bottles with glass stoppers. The Sediment 
remaining' on the filter. which possibly contains, besides the floc- 
culent matter suspended in the water, also those constituehts 
which separate at once upon Coming in contact with the air (hy- 
drate of sesquioxide of iron, and Compounds of sesquioxide of iron 
with phosphoric acid, silicic acid, arsenic acid), is taken to the 
laboratory, to be examined afterwards according to § 214. 

2. The presenceof free carbonic acid is usually sufficiently 246 
visible to the eye. However, to convince yourself by positive re- 
Actions, test the water with fresh-prepared Solution of litmus, and 
with lime-water. If carbonic acid is present, the former acquires 

a wine-red colour ; the latter produces turbidity, which must dis- 
appear again upon addition of the mineral water in excess. 

3. Free hydrosulphuric ACiDis most readily detected by the 247 
emell. For this purpose half fill a bottle with the minerol water, 
cover with the hand, shnke, and smell the bottle. In this way 
distinct traces of hydrosulphuric acid are often found which would 
escape detection by reagents. However, if you wish to have some 
visible reactions, fill a large white bottle with the water, add a few 
drops of Solution of acetate of lead in soda, place the bottle on a 
white surface, and look in at the top, to see whether the water 
acquires a brownish color or deposits a blackish precipitate ; — or 
half fill a large bottle with the water, and close with a cork to which 

is attached a slip of paper previously saturated with Solution of 
acetate of lead and tuen moistened with carbonate of amnionia; 
shake the bottle gently froin time to time, and observe whether 
jthe paper acquires a brownish tint in the course of a few hours. 
If the addition of the acetate of lead has produced a brown color, 
or precipitate, whilst the test with the paper gives no result, this 
indicates that the water contains an alkaline Sulpiride, but no free 
hydrosulphuric acid. 

4. Mix a wineglassful of the water with some tannic acid, another 248 
wineglassful with some galiic acid. If the former imparts a red- 
violet, the latter a blue-violet color, protoxide of iron is present. 
Inste ad of the two acids, you may employ infusion of galls, which 
contains them both. The colorations make their appearance only 
.after some time, and increase in intensity from the top — where the 

air acts on the fluid — towards the bottom of the vessel. 

ö. Test for nitrous acid and fetid oroanic sübstances 249 
according to 241 und 242* If the water contains hydrosulphuric 

JSlisabethenquelle zu Homburg v. d. H. ; Wiesbaden : Kreide], 1863 und 1864. 
Analyse der Trinkquelle, der Badequelle und der HtL wen quelle zu Pyrmont ; Arolsen ; 
8peyer, 1865. Analyse der Driburger und Herster Quelle ; Wiesbaden : Kreide!, 
1866. Analyse der Augustaquelle (Felsenquelle Nr. IL) und der Victoriaquelle su 
Bad Ems ; Wiesbaden : Kreidet, 1866 und 1869. Analyse des Lamscbtider Mineral- 
brnnnens, sowie die des lünuissteiner Heilbrunnens und des TönnUsteiner Stahl- 
brunneus, 1869. 
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acid, remove it before testing for nitrous acid by very cautious 
addition of sulphate of silver (no silver sah must under any circum- 
stances remain in the Solution). 

b. Operations in the Laboratory. 

§213. 

As it is always desirable to obtain even in the qualitative 
exnmination some Information as to the proportions in which 
tho several constituents are present, it is advisable to analyze a 
comparatively small portion for the principal constituents, and to 
ascertain, as far as may be practicable, the relative proportions in 
which these constituents exist, and thus to determine the character 
of the water j then to examine a far larger portion for the consti- 
tuents which are present in small quantity; and finally a very 
lnrge portion or the sinter for those constituents which are present 
merely in traces. For this purpose proceed as follows : — 

1, EXAMINATION FOR THOSE CONSTITUENTS WHICH ARE 

PRESENT IN LAROE QÜANTITIE8. 

a. Boil about 3 lbs. of the clear water, or of the water 250 
filtered at the spring, in a porcelain dish (a flask is less 
suitable) for one hour, taking care, however, to add from 
time to time some distilled water, that the quantity of liquid 
may remain undiminished, and thus that only those salts 
may be separated which owe their Solution to the presence 

of carbonic acid. Filter and examine the precipitate and 
the filtrate as directed § 210. 

b. Test for ammonia, silicic acid, oroanic matters, 
<fcc, by the methods given in § 210. 

2. EXAMINATION FOR THOSE FIXED CONSTITUENTS WHICH 

ARE PRESENT IN MINUTE QUANTITIES. 

Evaporate a large quantity (at least 20 lbs.) of the water in a 251 
silver or porcelain dish to dryness ; conduct this Operation with the 
most scrupulous cleanliness in a place as free as possible from dust. 
If the water contains no carbonate of an alkali, add pure carbonate 
of potassa in slight excess. The process of evaporation may be 
conducted at first over a gas-lamp, but ultimately the sand-bath 
must be employed. Heat the dry mass to very faint redness ; if in 
a silver dish, you may at once proceed to ignite it ; but if you have 
it in a porcelain dish, first transfer it to a silver or platinum vessel 
before proceeding to ignition. If the mass turns black in this 
process, oroanic matters may be assumed to be present.* 

Mix the residue thoroughly, and divide it into 3 portions, a and 
b beingeach about a quarter, and c one half. 

a. EXAMINATION FOR PHOSPHORIC ACID. 

Warm the portion a with water, add pure nitric acid in 252 
sufficient excess, evaporate on the water-bath to dryness, warm 

* This inference is, however, correct only if the water has been effectually protected 
from dust during evaporation ; if this has not been the case, and you yet wish to ascer« 
taio beyond doubt whether organic matters are present» evaporate a separate portion of 
the water in aretort. If you find organic matter, and wish to know whether it consists 
4>f erenio acid or of apocrenio acid, treat a portion of the residue as directed % 214, 8« . 
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the residue with nitric acid, dilute slightly, filter throuerh 
paper exhausted with hydrochloric acid and test with molyD- 
date of ammonia (§ 142, 10). 

b. EXA MI NATION FOR FLUORINE. 

Heat the portion b with water, add chloride of calcium as 253 
long as a precipitate continues to form, let deposit and collect 
the precipitate, which consists chiefly of carbonates of lime and 
inagnesia, on a filter. Wash, dry, ignite, treat with water in 
a small dish, add acetic acid in slig-ht excess, evaporate on the 
water-bath to dryness, keeping the dish on the bath until 
all smell of acetic acid has disappeared, add water, heat, filter 
off the Solution of the acetates of the alkaline earths, wash, 
dry or ignite the residue, and test it as directed § 146, ö. 

C. EXAMINATION FOR THE REMAINING FIXED CONST1TUENT8 
PRESENT IN MINUTE QUANTITIES. 

Boil the portion c repeatedly with water, filter, and wash 254 
the undissolved residue with boiling water. You have now a 
residue (a), and a Solution (ß). 

a. Ihe residue consists chiefly of carbonate of lime, car- 
bonate of magnesia, silicic acid, and — in the case of chaly- 
beate Springs — hydrate of sesquioxide of iron. But it may 
contain also minute quantities of baryta, strontia, alu- 

MINA, PEROXIDE OF MANOANESE, and TITANIC ACID, and 

must accordingly be examined for these substances. 

Treat it with water in a platinum or porcelain dish, add 
hydrochloric acid to slightly acid reaction, then 4 or 5 drops 
of dilute sulphuric acid, evaporate on the water-bath to dry- 
ness, moisten with a small quantity of hydrochloric acid, 
then add water, warm gently, filter, and wash. 

aa. Examination of the residue insoluble in 255 
hydrochloric acid. This will mostly consist of silicic 
acid; but it may contain also sulphates of the alkaline 
earths, titanic acid and carbon. Heat it in a platinum 
dish repeatedly with hydrofluoric acid or fluoride of am- 
monium with addition of sulphuric acid, tili all silicic 
acid is expelled. Finally evaporate to dryness, fuse the 
residue (if any) with bisulphate of potassa, treat the fusion 
with cold water, filter and test the Solution for Titanic 
acid by protracted boiling. If there was a residue on 
treating the fusion with water, wash it and incinerate the 
filter. When a spectroscope is at disposal, take up the 
ash on the loop of a platinum wire, expose for some 
time to the reducing flame, moisten with hydrochloric 
acid and examine for baryta. Strontia will not be found 
here except perhaps in traces. When a spectroscope is 
not at hand, set aside the ash for subsequent examination. 

bb. Examination of the hydrochloric acid 256 
Solution. Mix in a flask with pure chloride of am- 
monium, add ammonia until the fluid is just alkaline, 
then sulphide of ammonium free from ammonia ; close the 
flask, filled to the neck, and let it stand for 24 hours in a 
moderately warm place. If a precipitate has formed at the 
end of that time, filter off, dissolve in hydrochloric acid, 
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boil, add potassa (§ 34, c) in excess, boil again, filter, and 
test the ßltrate for alumina by acidifying with hydro- 
chloric acid and heating with ammonia ;* divide the residue 
into two parts, test one for manganese with carbonate 
of soda before the blowpipe, the other for iron by dis- 
solving in hydrochloric acid and adding sulphocyanide or 
ferrocyanide of potassium. 

The filtrate from the sulphide of ammonium preci- 
pitate may contain traces of baryta and will contain all or 
nearly all the strontia. Add to it carbonate of ammonia, 
filter after long Standing, wash the precipitate, dry, sub- 
ject it to Engelbach's process (end of § 99), and treat 
the aqueous extract of the ignitea precipitate as follows. 
If a spectroscope is at command, evaporate it to dryness 
with hydrochloric acid and examine the residue in the 
instrument. If a spectroscope is not at command, eva- 
porate it nearly to dryness with sulphate of ammonia, boil 
with a saturated Solution of sulphate of ammonia, filter, 
wash the precipitate, dry, incinerate, add the residue set 
aside in 255, fuse with carbonate of soda, treat with 
water, wash, dissolve the residue in hydrochloric acid and 
test the Solution according to § 99. 

ß. The alkalinc Solution contains the salts of the alkalies, 257 
and usually also magnesia and traces of lime. You have to 
examine it now for nitric acid,! boracic acid, iodine, 
bromine, and lithia. Evaporate until very concentrated, 
let it cool, and place the dish in a slanting position, that the 
small quantity of liquid may separate from the saline mass ; 
transfer a few drops of the concentrated Solution to a watch- 
glass by means of a glass rod, just acidify with hydrochloric 
acid, and test with turmeric-paper for boracic acid. Eva- 
porate the whole contents of tue dish, with stirring, to per- 
iect dryness, and divide the residuary powder into 2 portions, 
aa being about two-thirds, and Vb one-third. 

aa. Examine the larger portion for nitric acid, 258 
iodine, and bromine. 

Put the powder into a flask, add alcohol of 90 per cent., 
boil in the water-bath, and filter hot; repeat the same 
Operation a second and a third time. Mix the alcoholic 
extract with a few drops of potassa, distil almost all the 
spirit off, and allow to cool. If minute crystals separate 
these may consist of nitrate of potassa ; pour off the fiuid, 
wash the crystals with some spirit, dissolve in a very 
little water, and test the Solution for nitric acid, with in- 
digo, or with brucia, or with iodide of potassium, starch- 
paste and zinc (§ 159). Evaporate the alcoholic Solution 

* There is no use in testing for alumina unlesa the evaporation has been effected in 
a platinam or §ilver dish. 

t The nitric toid origirmlly present may have been destroyed by the ignition of the 
residue in 251, if the latter contaitied organio matter. If you have reason to fear 
that such has been the case, and you have not already fuund nitric acid in 250, 
examine a larger portion of non-ignited residue for that acid, according to the directions 
of 258. 
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now to drynes8. If you have not yet found nitric acid, dis- 
solve a small portion of the residue in a very little water, 
and examine the Solution for that acid. Treat the re- 
mainder or, as the case may be, the whole of the residue 
three times with warm alcohol. filter, evaporate the filtrate 
to dryness with addition of a drop of potassa, dissolve the 
residue in a very little water, acidify slightly with sul- 
phuric acid, add some pure bisulphide of carbon, and test 
for iodine with nitrite of potassa, or a drop of Solution of 
hvponitric acid in sulphuric acid. After having carefully 
observed the reaction, test the same fluid for bromine 
with chlorine water according to § 157. 

bb. Examine the smaller portion for lithia. 259 
Warm the smaller portion of the residue (which, if lithia 
is present, must contain that alkali as carbonate or phos- 
phate) with water add hydrochloric acid to distinctly acid 
reaction, evaporate nearly to dryness, then mix with pure 
alcohol of 90 per cent., which will separate the greater 
portion of the chloride of sodium, and dissolve all the 
lithia. Drive off the alcohol by evaporation and, if you 
have a spectroscope, examine the residue with this for 
lithia (§ 93, 3). If you have no spectroscope, dissolve 
the residue in water and a few drops of hydrochloric acid, 
add a little sesquichloride of iron, then ammonia in slight 
excess, and a small quantity of Oxalate of ammonia ; let 
the mixture stand for some time, then filter off the fluid, 
which is now entirely free from phosphoric acid and lime ; 
evaporate the filtrate to dryness, and gently ignite until 
the salts of ammonia are expelled ; treat the residue with 
some chlorine water (to remove the iodine and bromine) 
and a few drops of hydrochloric acid, and evaporate to 
dryness ; add a little water and (to remove the magnesia) 
some finely divided oxide of mercury, evaporate to dry- 
ness, and gently ignite until the oxide of mercury is just 
driven off ; add a drop of hydrochloric acid, treat with a 
mixture of absolute alcohol and anhydrous ether, filter, 
concentrate the filtrate by evaporation, and set fire to the 
alcohol. If it burns with a carmine flame, lithia is 
present. By way of confirmation convert the lithia found 
into phosphate (§ 93, 3.) 

3. EXAMINATION FOR THOSE CONSTITUENTS WHICH ARE 
PRESENT IN MOST MINUTE QUANTITIES. 

Evaporate 200 or 300 lbs. of the water in a large perfectly clean 260 
iron vessel until the salts soluble in water begin to separate. If 
the mineral water contains no carbonate of soda, add sufficient of 
that substance to render the fluid distinctly alkaline. After eva- 
poration filter the Solution off, wash the precipitate, without adding 
the washings to the filtrate, and 

a. Examine the precipitate by the method given § 214 
for sinter deposits ; 

b. Mix the Solution with hydrochloric acid, to acid reaction, 
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heat, just precipitate the sulpburic acid which may be 
preseiit with chloride of barium, filter, evaporate the fil träte 
to dryness, digest the residue with alcohol of 90 per cent., 
and examine the Solution for cjesium and Rubidium 
according to § 93, at the end. Treat the residue insoluble 
in alcohol as follows. Make a hot concentrated Solution of 
it in water, add aminonia in excess, filter if necessary, add 
iodide of potassium while still hot and allow to stand. If 
a precipitate forms test it for thallium in the spectroscope. 

II. ExAMINATION OF THE SiNTER-DePOSIT. 

§214. 

1. Free the deposit from impurities, bv picking, sifting, elu- 261 
triation, &c, and from the soluble salts adherin«r to it, bj washing 1 
with water ; digest a large quantity (about 200 grammes) with 
water and hydrochloric acid (effervescence : carbonic acid) at a 
very moderate heat until the soluble part is completely dissolved ; 
dilute, let cool, filter, and wash the residue. 
a. Examination of the ßltrate. 

a. Heat the larger portion to 70°, pass hydrosulphuric 262 
acid for some time and also during tiie cooling. Allow to 
stand in a moderately warm place tili the smell of the gas 
is almost gone and hlter. 

Wash and dry the precipitate, remove the greater part 263 
of the free sulphur by digesting and washing with bisul- 
phide of carbon, warm gently with yellow sulphide of 
potassium, dilute, filter, wash with water containing sul- 
phide of potassium and precipitate the filtrate and washings 
with hydrochloric acid. Allow the precipitate to settle, 
filter it off, wash, dry, extract again with bisulphide of 
carbon, treat the residue (if any) together with the filter in 
a small porcelain dish with pure red fuming nitric acid, 
warm tili the greater part of the acid is expelled, add excess 
of carbonate of soda, then a little nitrate of soda, fuse, treat 
the fusion with cold water, filter, wash with diluted alcohol. 
and test the aqueous Solution for arsenic acid by 121 &nd 
122, the residue for antimony and tin by dissolving in 
dilute hydrochloric acid and treating the Solution with zinc 
free from lead in a platinum capsule (123)- 

If a residue remained on treating the hydrosulphuric 264 
acid precipitate with sulphide of potassium, wash, remove 
from the hlter by a jet of water, boil with a small quantity 
of dilute nitric acid, filter, wash and treat the contents of the 
filter first with hydrosulphuric acid — in order not to miss 
sulphate of lead which may possibly be present here — then 
test them for baryta and strontia accordinsr to 255* 
Mix the nitric acid Solution with a little pure sulphuric acid, 
evaporate to dryness on a water-bath and treat with water; 
if a residue, it consists of sulphate of lead. To make sure, 
filter it off, wash, and see if it turns black with hydrosulphuric 
acid. Test the filtrate from the sulphate of lead witn am- 
monia, and with ferrocyanide of potassium for copper. 
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Take a portion of the filtrate from die hydrosulphuric 265 
acid precipitate, evaporate it to dryness with excess oi nitric 
acid on a water-bath, treat with nitric acid and water, filter 
aad test the Solution for phosphoric acid with inolybdate 
of ammonia. Transfer the remainder of the filtrate from 
the hydrosulphuric acid precipitate to a flask, add Chlo- 
ride of ammonium, then ammonia until the fluid is just 
alkaline, lastly sulphide of ammonium free from ammonia, 
fill the flask to the neck, close the mouth, allovv to stand in 
a moderately warm place tili the supernatant fluid is yellow 
without a shade of green, filter and wash with water con- 
taining sulphide of ammonium. Treat the precipitate with 
dilute hydrochloric acid and proceed to test for cobalt, 

NICKEL, IRON, MANQANESE, ZINC, ALUMINA, AND SILICA 

according to 152 — 160« To examine for Titanic acid 
throw down a part of this hydrochloric Solution with am- 
monia and treat the precipitate according to 222* In the 
filtrate from the Sulpiride of ammonium precipitate throw 
down the lime and strontia and any baryta which 
may be present with carbonate and Oxalate of ammonia, 
and test the precipitate for the two last by Engelbach's 
method (end of § 99). Finally test the filtrate from the 
lime precipitate for Magnesia. 

ß. Mix a portion considerably diluted, with chloride of 
barium, andallow it to stand 12 hours in a warm place. A 
white precipitate indicates sulphuric acid. 
Z>. Examvuitian of the residue. 

This consists of sand, hydrated silicic acid, clay, and organic 266 
matter ; it may also contain sulphur (if the water contuined 
hydrosulphuric acid), and sulphates of baryta and strontia. 
Boil with a Solution of carbonate of soda und caustic soda to 
dissolve the hydrated silicic acid and sulphur, filter, and 
treat on the paper with dilute hydrochloric acid to dissolve 
baryta and strontia and leave the clay and sand. Test the 
hydrochloric Solution according to 256 fi>r baryta and 
strontia. 
2. To test for fluorine, the best way is to take a separate por- 267 
tion of the deposit. Mix with about half its weicht of pure hydrate 
of lime (if carbonate of lime is not present in abundant quantity), 
ignite (blackening indicates organic matter), add water, and then 
acetic acid in excess, evaporate tili the excess of acid is expelled, 
and proceed as directed 253* 

tf. Boil the deposit for a considerable time with concentrated 268 
potassa and filter. 

a. Acidify a portion of the filtrate with acetic acid, add am- 
monia, allow to stand 12 hours, and then filter off the precipi- 
tate of alumina and hydrated silicic acid, which usually forms ; 
again add acetic acid in excess, and then Solution of neutral 
acetate of copper. If a brownish precipitate is for med, this 
consists of apocrenate of copper. Mix the fluid filtered from 
the precipitate with carbonate of ammonia, until the green 
color has changed to blue, and warm. If a bluish-green pre- 
cipitate is produced, this consists of crenate of copper. 
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b. If you have detectcd arsenic, use the remainder of the 
alkaline fluid to ascertain whether the arsenic existed in the 
sinter as arsenious acid or as arsenic acid. (Compare 
§ 134, 9.) * 

IV. Analysis of Soils. 
§215. 

Soils must necessarily contain all the constituents which are 
found in the plants growing upon them, with the exception of those 
jpupplied by the atmosphere and the rain. When we find, therefore, 
a plant, the constituents of which are known, growing in a certain 
soil, the mere fact of its growing* there gives us some insight into 
the composition of that soil, and may accordingly save us, to some 
extent, the trouble of a qualitative analysis. 

Viewed in this light, it would appear quite superfluous to make a 
qualitative analysis of soils still capable of producing plants ; for it 
is well known that the ashes of plants contain almost invariably 
the same constituents, and the differences between them are caused 
principally by differences in the relative proportions in which the 
several constituents are present. But if, in the qualitative analysis 
of a soil, regard is had also to the proportions of the constituents, 
find to the State in which they are present, an analysis of the kind, 
if combined with an examination of the physical properties of the 
soil, and a mechanical Separation of its parts,* may give most use- 
ful results, enabling the analyst to judge sufficiently of the condi- 
tion of the soil to supersede the necessity of a quantitative analvsis, 
svhich would require much time, and is a far more difficult task. 

As plants can only absorb substances in a State of Solution, it is 
a matter of especial importance, in the qualitative analysis of a soil, 
to know which constituents are soluble in water ;f which require 
an acid for their Solution (in nature principally carbonic acid) ; and, 
finally, which are neither soluble in water, nor in acids, and are 
not, accordingly, in a position for the time being to afford nutri- 
ment to the plant. With regard to the insoluble suüstances, another 
interesting question to answer is whether they suffer disintegra- 
tion readily, or slowly and with ditiiculty, or whether they altogether 

* With regard to the mechanical Separation of th9 component parte of a soil, and 
the examination of its physical properties and chemical condition, compare F. Schulze, 
Journ. f. prakt. Chemie, 47, 241 ; also F&eseniis's Quantitative Analysis, and E. 
Wolff, Zeitscbr. f. anal. Chem. 3, 85. 

t It was formeily universally assumed that substances soluble in water, or in water 
jcontaining carbonic acid, circulated freely in the soil so long as there existed agents for 
their Solution ; but since it has been discovered that arable soil possesses, like charcoal, 
the property of witbdrawing froni diiute Solution* the bodies dissolved in them, this notion 
is exploded, and we now know that arable soil will retain with a certain force bodies 
otherwise soluble — froin which we conclude that the aqueous extract of a soil can not 
be expected to contain the whole of the substances present in that soil iu a State irame- 
diately available for the plant. Neither can we expect to find these matters in the 
aqueous extract in the same proponion in which they are present in the soil, since the 
latter will readily give up to water those substances in regard to wbich its power of 
Absorption bas been satisfied, whilst it will more or less strongly retain others. But 
although, for this reason, the examination of the aqueous extract of a soil has no longer 
the same value as it was formerly considered to have, yet it is still useful to ascertain 
wbat substances a soil will actually give up to water. It is for this reason that I have 
retained the chapter on the preparation aud examination of the aqueous extract. 
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resist the action of disintegrating agencies ; and also what are the 
products which they yield lipon their disintegration.* 

In the analysis of soils, the constituents soluble in water, those 
soluble in acids, and the insoluble constituents, must be examined 
separately. The examination of the organic portion also de- 
mands a separate process. 

The analysis is therefore properly divided into the following four 
parts: 

1. Preparation and Examination of the Aqucous Extra ct. 

§216. 

Abont lOOOgrammes of the air-dried soil are used for the pre- 269* 
paration of the aqueous extract. To prepare this extract quite clear 
is a matter of some difficulty : in following the usual course, viz., di- 
gesting or boiling the earth with water, and filtering, the fine par- 
ticles of clay are sneedily found to impede the Operation, by choking 
up the pores of the filter; they also nlmost invariably render the 
filtrate turbid, at least the portion which passes through first. I 
have found the following method proposed by F. Schulze (loc. eit.) 
the most practical. Close the neck of several middle-sized funnels 
with sinall filters of coarse blotting-paper, moisten the paper, press 
it close to the sides of the funnel, and then introduce tne air-dried 
soil, in small lumps ranging frorn the size of a pea to that of a wal- 
nut, but not pulverized or even crushed ; Alling the funnels about 
two-thirds. Pour distilled water into them, in sufficient ouantity 
to cover the soil ; if the first portion of the filtrate is turbid, pour 
it back into the funnel. Let the Operation proceed quietly. Fill 
the funnels again with water, and continue this process of lixivia- 
tion until the filtrates weigh twice or three times as much as the 
soil used. Collect the several filtrates in one vessel, and mix them 
intimately together. Keep a portion of the lixiviated soil. 

Divide the aqueous Solution into two parts, 1 (about two-thirds) 
and 2 (about one-third). 

1. Evaporate in a porcelain dish to a small bulk and test as 
follows. 

a. Filter off a portion, test the rcaction of the filtrate, set 270* 
aside a part to test for organic matter (280); warm the rest and 

add nitric acid. Effervescence indicates an alkaline car- 
bonate. Then test for chlorine with nitrate of silver. 

b. Transfer the rest of the concentrated fluid from 1, together 271 
with the precipitate which it usually contains, to a small dish 
(preferably of platinum), evaporate to dryness and heat the 
brownish residue cautiously tili the organic matter is destroyed. 

In the presence of Nitrates a sliffht deflagration will be 
perceptible. Treat the residue as follows. 

a. Test a small portion with carbonate of soda in the 
oxidizing flame for manoanese. 

ß. Warm the rest with water, add hydrochloric acid, 
(effervescence indicates carbonic acid), evaporate to dryness 

* For more araple Information on this subject the reai'er is referred to Fbesinius*s- 
Cheraie für Landwirthe, Forstmänner, und Oameralisten ; Brunswick, Vieweg, 1847» 
p. 485. 
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to separate silicic acid, moisten with hydrochloric acid, add 
water, warm and filter. 

aa. Wash the residue, which generally contains a little 
carbon, a little clay (if the aqueous extract was not clear), 
and also si licic acid. To detect the latter, pierce the filter, 
wash the residue through, boil it with caustic soda, filter, 
saturate with hydrochloric acid, evaporate to dryness, and 
finally take up with water, when the silicic acid will remain 
behind. 

• Ib. Test a part of the hydrochloric Solution for sul- 
phuric acid with chloride of barium. Evaporate a 
second part with nitric acid and test for phosphoric 
acid with molybdate of ammonia. Test a third part for 
iron with, sulphocyanide of potassium. To the rest add 
a few drops of sesquichloride of iron (to remove phosphoric 
acid), then ammonia tili slightly alkaline, warm a little, 
filter, throw down the lime with Oxalate of ammonia 
and proceed to the examination for Magnesia, potassa, 
and soda (§§ 196, 197). Finally examine a small quan- 
tity of the pure alkaline chlorides in the spectroscope for 
lithia. 

Alumina is not likely to be found in the aqueous ex- 273 
tract (F. Schulze never found it). But if you wish to 
test for it, boil the precipitate produced by ammonia with 
pure potassa in a platinum or silver dish, filter, acidify the 
filtrate with hydrochloric acid, add ammonia, and warm. 
2. If you have found iron, acidify a portion with hydrochloric 273 
acid, and test half with ferricyanide of potassium, the other half 
with sulphocyanide of potassium, to see in what State the iron is 
present. Mix the rest of the aqueous extract with a little sul- 
phuric acid, evaporate nearly to dryness on the water-bath, and test 
the residue for ammonia by means of hydrate of lime! If the aque- 
ous extract is absolutely clear you may test it for ammonia directly 
by chloride of mercury, &c. (§ 92). 

2. Prcparation and Examination of the Acid Extract. 

§217. 

Heat about 50 gTammes of the soil from which the part soln- 274 
ble in water has been removed as far as practicable* with mode- 
rately strong hydrochloric acid (effervescence indicates carbon ic 
acid) for several hours on the water-bath, filter, and make the 
following experiments with the filtrate, which is generally yellow 
from the presence of sesquichloride of iron. 

1. Test a small portion with sulphocyanide of potassium 275 
for sesquioxide of iron, another with ferricyanide of 
potassium for protoxide of iron. 

2. Test a small portion with chloride of barium for sul- 
phüric acid. Evaporate another portion to dryness, heat 
the residue to a temperature scarcely exceeding 100°, warm 
with nitric acid, filter off the silicic acid and test for phos- 
phoric acid with molybdate of ammonia in the cold. 

* Complete lixiyUtion u generally impracticable. 
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3. Mix a large portion with ammonia to neutralize the free 276 
acid, then with yeliowish sulphide of ammonium ; let the mix- 
ture stand in a warm place, in a iiask filled up to the neck, 
until the fluid looks yellow ; then filter, and test the filtrate 

in the usual way for lime, magnesia, potassa, and soda. 

4. Dissolve the precipitate ohtained in 3 in hydrochloric 277 
acid, evaporate to dryness, moisten with hydrochloric acid, 
add water, warm, filter, and examine the filtrate according to 
150» for iron, manganese, alumina, and if necessary, 
also for lime and magnesia, which may have been thrown down 

by the sulphide of ammonium, in combination with phosphoric 
acid. 

5. The separated silicic acid obtained in 4 is nsually 
colored by organic matter. It must, therefore, be ignited to 
obtain it pure. 

6. If it is a matter of interest to ascertain whether the 278 
hydrochloric acid extract contains arsenic acid, oxide of 
copper, &c, treat the remainder of the Solution with hydro- 
sulphuric acid, as directed 262 — 264* 

7. Should you wish to look for fluorine, ignite a fresh 
portion of the earth, and proceed according to 230* 

3. Examination of the Inorganio Constituents insoluble in Water 

and Acids. 

§218. 

The Operation of heating the lixiviated soil with hydrochloric 279 
acid (274) leaves still the greater portion of it undissolved. If you 
wish to subject this undissolved residue to a chemical examination, 
wash, dry, and sift, to separate the stones from the clay and sand ; 
moreover, separate the two latter from each other by elutriatdon. 
Subject the several portions to the process given for Silicates 
(§ Ö05). 

4. Examination of the Organic Constituents of the Soil.* 

§219. 

The organic constituents of the soil, which exercise so great 
an influence upon its fertility, both by their physical and chemical 
action, are partly portions of plants in which the structure may 
still be recognised (fragments of straw, roots, seeds of weeds, &c), 
partly products of ve^etable decomposition, which are usually 
called oy the general name of humus, but differ in their con- 
stituent elements and properties, according to whether they result 
from the decay of the nitrogenous or non-nitrogenous parts of 
plants — whether alkalies or alkaline earths have or have not had 
a share in their formation — whether they are in the incipient or 
in a more advanced stage of decomposition. To separate these 
several component parts of humus would be an exceedingly diffi- 
cult task, which, moreover, would hardly repay the trouWe; the 

| * Compju-e Fbminius's Chemie far Landwirthe, Fontmänner, and Cameraluten ; 
Bronswick, Vieweg, 1847, §§ 282-285. 
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following Operations are amply sufficient to answer all the purposes 
of a qualitative analysis. 

a. Exaviitiation of the Organic Substances solüble in Water. 

Evaporate the reserved portion of 270 on the water-bath to 280 

Jerfect dryness, and treat the residue with water. The ulmic, 
umic, and ireic acids, which were present in the solntion in com- 
biuation with bases, remain unctissolved, whilst crenic and 
apocrenic acids are dissolved in combination with ammonia; 
for the manner of detecting the latter acids, see 268. 

b. Treatment with Alhaline Carbonate. 

Dry a portion of the lixiviated soil, and sift to separate the 281 
fragments of straw, roots, &c, and the small stones, from the 
finer parts : digest the latter for several hours at 80 — 90° with 
Solution of carbonate of soda, and filter, mix the filtrate with 
hydrochloric acid to acid reaction. If brown flakes separate, these 

I*roceed from ulmic acid, humic acid, or geic acid. The 
arger the proportion of ulmic acid present the lighter will be the 
color of the flakes. 

c. Treatment with Caustic Alkali. 

Wash the soil boiled with Solution of carbonate of soda(&) with 282 
water, boil several hours with potassa, replacing the water as it 
evaporates, dilute, filter, and wash. Treat the brown fluid as in b. 
The ulmic and humic acids which separate now, are new pro- 
ducts resulting from the actio n of boiling potassa upon ulmin and 
humin. 

V. Detection of Inorganic Substances in Presence 

of Oroanic Substances. 

§220. 

It will be readily conceived that the presence of organic sub- 
stances may so far impede an analysis that it cannot be proceeded 
with until the organic matter has been totally destroyed ; thus, for 
instance, the presence of organic coloring matter may completely 
conceal a change of color or a precipitate, again the presence of 
slimy matter may render filtration impossible. Difficulties of this 
kind are of constant occurrence in the examination of medicines, in 
the analysis of articles of food or of the contents of a stoinach for 
inorganic poisons, and in the analysis of the inorganic constituents 
of vegetaöle or animal substances. In the following pages 
instructions will be given first for a general procedure, afterwards 
for several special cases. 

1. General Rulesfcr the Detection of Inorganic Substances in Presence of 
Organic matters, which by their Color y Consistence or other Pro- 
perties } impede the Application of the Eeagents, or obscure the Ite- 
actions produccd, 

§221. 

We confine ourselves here, of conrse, to the description of the 
most generally applicable methods, leaving the modifications which 
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circumstances may require in special cases to the discretion of the . 
analyst. 

1. The substance dissolves in water, but the Solution 283 
18 dark-colored or of 8limy consistence. 

a. Heat a portion of the Solution with hydrochloric acid on 
the water-bath, and gradually add chlorate of potassa until 
the mixture is decolorized and perfectly fluid ; heat until it 
exhales no longer the odor of chlorine, then dilute with 
water, and fi lter. Examine the fil träte in the usual way, 
commencing at § 190. Compare also § 225. It is hardly 
necessary to observe that the State of oxidation of the metals 
found cannot be determined; since suboxide of mercury, 
protoxide of tin, and protoxide of iron would be converted by 
the chlorate of potassa and hydrochloric acid into chloride 
of mercury, bichloride of tin, and sesquichloride of iron 
respectively. 

b. Boil another portion of the Solution for some time with 
nitric acid, filter and test the filtrate for silver and potassa. 
If the nitric acid succeeds in effecting the ready and complete 
destruction of the coloring and slimy matters, &c, this method 
is often preferable to all others. 

c. Alumina and sesquioxide op chromium might 
escape detection by this method, because ammonia and Sul- 
piride of ammonium may fail to precipitate these oxides from 
fluids containing non-volatile organic substances. Should 
you have reason to suspect the presence of these oxides, mix 
a third portion of the substance with carbonate of soda and 
chlorate of potassa, andthrow the mixture gradually into a red- 
hot crucible. Let the mass cool, then treat it with water, and 
examine the Solution for chromic acid and alumina, the residue 
for alumina (§ 103). 

d. Test a separate portion for ammonia with hydrate of 
lime. 

e. Siibject another portion to dialysis and examine the 
dialysate for acids. 

2. BOILING WATER FAILS TO DISSOLVE THE SUBSTANCE, OR 284 
EFFECTS ONLY PARTIAL SOLUTION; THE FLUID ADMITS OF 
FILTRATION. 

Filter, and treat the filtrate either as directed § 189, or, should 
it require decoloration, according to 283. The residue may be of 
various kinds. 

a. It is fatty. Remove the fatty matter by means of 
ether, and should a residue be left, treat this as directed § 175. 

b. It is resinous. Use alcohol instead of ether, or apply 
both liquids successively. 

c. It is of a different nature, e.g., woody fibre, &c. 
a. Dry, and ignite a portion in a porcelain or platinum 

vessel, avoiding too high a temperature, until total or 

Sartial incineration is effected ; warm the residue with hy- 
rochloric acid and a little nitric acid, dilute, and examine 
the Solution as directed 109 ; if a residue has been left, 
treat this according to § 203. 
ß. Examine another portion for the heavy metals and 
i. x 
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e t as öireeted 283 — sfnce ^ita die method given in «. 
kr^enifC. cadmiom. zzzc, ±c. my rolatüixe. besides mercury. 
7. Test the remainder f.r ammonia, bv triturating with 
fcy«ira:e of lime. 

3. The srssTAxex does *ot jldmit of filthatiox o&285 

AXT OTHEB XEJL55 OF SEPARAT! XG THE DISSOLTED FROX THE 
rXDI»OLVEl> PART. 

Treat :ie «uletance in the same manner ms the residne in 284* 

As regard* the charred mass, 284 *, a, it is often adrisable to 

boQ the mass. carbonized at a gentle heat, witb water, filter, ex- 

amine the filtrate, wash the residue, incinerate it, and examine 

the ash. 

4. The foliowing* method proposed bv £. Millox* is of very 
general application for the detection of metallic oiides when mixed 
with orpanic matter. Transfer the snbstance to a tnbulated retort 
and add four times its weight of pure snlphoric acid. The retort 
shoald not be more than one-third fuIL Heat slowly tili the mix- 
tnre is homogeneous. and then placing a funnel tube in the tubu- 
läre of the retort and gently increasing the temperature, add nitric 
acid gradually. The object of this first Operation is to decompose 
chlorides, which will take about half an nour. Now remove the 
mixtnre to a platinum dish and heat tili the snlphnric acid, which 
bv degrees loses its black color and torns orange or red, begins to 
escape. Add more nitric acid in small portions ; after each addition 
the fluid will be decolorized, but it again turns darker on further 
heating. Continue adding nitric acid until no more coloration 
occurs, and finallv expel the sulphuric acid, when you will obtain 
a saline mass to be analvsed in the usual wav. If the heat is mo- 
derated towards the end, according to Milien noneof the arsenic 
or mercury will be lost ; but this cannot be depended on when 
much chlorides are present. 

5. To separate salts from colloid organic matter, dialysis is very 
convenient.f The substance is sometimes first warmed with nitric 
acid or with chlorate of potassa and hydrochloric acid. (Cpmpare 
§ +,*.*.) 

2. Detection of Inorganic Poisons in Artieles of Food, in Dead 
BodieSy fyc. 9 in Chemico-legal Cases.X 

§222. 

The chemist is sometimes called lipon to examine an article of 286 
food, the contents of a stomach, a dead body, &c, with a view to 
detect the presence of some poison, and thus to establish the fact 
of poisoning ; but it is more frequently the case that the question 
]mt to him is of a less general nature, and that he is called upon to 
determine whether a certain substance placed before him contains 
n metallic poison ; or more pointedly still, whether it contains 
nrM«nio or nydrocyanic acid, or some other particular poison — as 

• Jouro. de Pharm, et de Chim. 46, 88. Zeitschr. f. anal. Chem. 4, 208. 

+ f <||ompare 0. Rjevkil, Zeitechr. f. anaL Chem. 4, 266 ; B1210, Ibid. 5, 51 ; Rtedjerib, 
Ibid. 7, 517. 

X Oompare Fresenius, Ann. d. Chem. n. Pharm. 49, 275 ; and Fresenius and 
v. Babo, Ann. d. Chem. n. Pharm. 49, 287* 
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it may be that the Symptoms point clearly in the direction of that 
poison, or that the exainining magistrate has, or believes. he has, 
ßome other reason to put this question. 

It is obvious that the task of the chemist will be the easier, the 
more special and pointed the question which is put to him. How- 
ever, the analyst will always act most wiscly, even in cases where 
he is simply requested to State whether a certain poison, e.g. arsenic, 
is present or not, if he adopts a course of proceeding which will 
not only permit the detection of the one poison* specially named, 
the presence of which may perhaps be suspected on insufficient 
grounds, but will moreover inform him as to the presence or absence 
of other similar poisons. 

But we must not go too far in this direction either; if we 
were to attempt to devise a method that should embrace all poisons, 
we might unquestionably succeed in elaborating such a method at 
the writing-desk ; but practical experience would but too speedily 
convince us that the intricate compiexity inseparable frorn such a 
course, must necessarily impede the easy execution of the process, 
and impair the certainty of the results, to such an extent indeed, 
that the drawbacks would be greater than the advantages derivable 
frorn it. 

Moreover, the attendant circumstances permit usually at least 
a tolerably safe interence as to the group to which the poison 
belongs. Acting on these views, I give here, — 

1. A method which ensures the detection of the minutest traces 
of arsenic, allows of its quantitative determination, and permits at 
the same time the detection of all other metallic poisons. 

2. A method to effect the detection for hydrocyanic acid, which 
leaves the substance still fit to be examined both for metallic poisons 
and for alkaloids. 

3. A method to effect the detection of phosphorus, which does 
not interfere with the examination for other poisons. 

This part of the work does not, therefore, profess to supply a 
complete guide in every possible case of chemico-legal investi- 
gations. But the instructions given in it are the tried and proved 
results of my own practice. Moreover, they will generally be 
found sufficient, the more so as in the Section on the alkaloids, I 
give the description of the best processes by which the detection of 
these latter poisons in criminal cases mav be effected. 

Where you have no indications at all of the sort of poison to 
be looked for, begin by carefully inspecting the substance with the 
aid of a microscope if necessary, by noting the odor, reaction, &c, 
and then if the circumstances do not point to examining different 
portions for the different classes of poisons, proceed to test for hy- 
drocyanic acid and phosphorus (a distillation usually suffices tor 
the detection of both), afterwards for alkaloids, and finally for me- 
tallic poisons. As an obvious matter of caution, you should alwavs 
reserve one-third of the substance, after weighing and mixing, ior 
contingencies. 
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I. Method for the Detection of Arsenic (with due Re- 
gard TO THE POSSIBLE PRESENCE OF OTHER METALLIC PoiSONS). 

§ 223. 

Of all metallic poisons arsenic is the most dangerous, and at 287 
the same time the one most frequently used, more particularly for 
the wilful poisoning of others. And ngain, among the Compounds 
of arsenic, arsenious acid occupies the first place, because it kills 
even in small doses, it does not betray itself, or at least very 
slightly, by the taste, and it is but too readily procurable. 

As arsenious acid dissolves in water only sparingly, and — on 
account of the difficulty with which moisture adheres to it — very 
slowly, the greater portion of the quantity swallowed exists usually 
in the body still in the undissolved State ; as, moreover, the small- 
est grains of it may be readily detectedby means of an exceedingly 
simple experiment ; and lastly, as — no matter what opinion may 
be entertained about the normal presence of arsenic in the bones, 
&c. — this much is certain, that arsenious acid in grains or powder is 
never normally present in the body, the particular care and efforts 
of the analyst ought always to be directed to the detection of the 
arsenious acid in substance — and this end may indeed usually be 
attained. 

A. Method for tJic Detection of undissolved Arsenious Acid. 

1. If you have to examine food, vomit, or some other matter of 288 
the kind, after weighing it mix the whole as uniformly as may be 
practicable, reserve one-third for contingencies, and mix the other 
two-thirds in a porcelain dish with distiiled water, with a stirring 
rod ; let the mixture stand a little, then pour off the fluid, together 
with the lighter suspended particles, into another porcelain dish. 
Repeat this latter Operation several times, if possible with the same 
fluid, pouring it from the second dish back into the first and so on. 
Finally, wash once more with pure water, best in a glass dish, re- 
move the fluid as far as practicable, and try whether you can find 

in the dish small, white, hard grains which feel gritty under the 
glass rod. If not proceed as directed § 224 or § 225. Bat if so, 
pick out the grains, or some of them, with a pair of pincers, or 
wash them if they are very minute in a watch-glass, dry, weigh 
them, and heat a small portion in a glass tube, another small por- 
tion with a splinter of charcoal (compare § 132, 2 and 11). If you 
obtain in the former experiment a white sparkling Sublimate con- 
sisting of octahedrons and tetrahedrons, in the latter experiment 
an arsenical mirror, you are quite safe in concluding that tne grains 
consist of arsenious acid. If you wish to determine the quantity of 
the arsenic, or to test for other metallic poisons, unite the contents 
of both dishes, and proceed as directed § 224 or § 225. 

2. If a stomach is submitted to you for analysis, empty the 
contents into a porcelain dish, turn the stomach inside out, and (a), 
search the inside coat for small, white, hard, sandy grains. The 
spots occupied bv such grains are often reddened ; the grains are 
also frequently found firmly imbedded in the membrane. (b) Mix 
the contents in the dish uniformly, weigh them, put aside one-third 
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for contingencies, and treat the other two-thirds as in 1. The 
same course is pursued also with the intestines. In other parts of 
the body — with the exception perhaps of the pharynx and cesopha- 

fus — arsenious acid cannot be found in grains, if the poison has 
een introduced through the mouth. If you have found grains of 
the kind described, examine them as directed in 1 ; if not, or if 
you wish to test also for other metallic poisons, proceed aecording 
to § 224 or § 225. 

B. Method of dctecting soluble Arsenical and other Metallic Com- 

pounds by means of Dialysis. 

§224. 

If method A has failed to show the presence of arsenious acid 289 
in the solid State, and the process described in § 225, in which the 
organic substances are totally destroyed by chlorate of potassa and 
hydrochloric acid, is at once resorted to, the Operator must, of 
course, in the event of the presence of arsenic being revealed, give 
up all notion of ascertaining, as far as the portion operated upon is 
«oncerned, in what form the poison has been administered ; as the 
process will give a Solution containing arsenic acid, no matter 
whether the poison was originally present in that form, or as ar- 
senious acid, or as sulphide, or in the metallic State, <fcc. This 
defect may be remedied, however, by interpolating a dialytic ex- 
periment between A and C. 

The experiment requires the apparatus shown in § 8, fig. 5. 
The hoop is made of wood or, better, of gutta percha ; it is 2 inches 
in depth, and 8 or 10 inches in diameter. Ihe residue and fluid 
of § 223, A y having been inixed aecording to the circumstances with 
two-thirds of the stomach, intestinal canal, &c, cut small, and di- 
gested for twenty-four hours at about 32°, is poured into the dia- 
lyser to a depth of not more than half an inch. The dialyser is 
then floated in a basin containing about 4 times as much water as 
the fluid to be dialysed amounts to. After 24 hours one-half or 
three-fourths of the crystalloids will be tbund in the external water, 
which generally appears colorless. Concentrate this by evapora- 
tion on the water- bath, aeidify the greater part with hydrochloric 
acid, treat with sulphuretted hydrogen, and proceed generally as 
directed 291 et seq. If an arsenical Compound soluble in water 
(or some other soluble metallic sah) is present, the corresponding 
sulphide is obtained almost pure. By Üoating the dialyser suc- 
cessively on fresh supplies of water, the whole of the soluble 
crystalloids present may finally be withdrawn. If arsenic is found, 
test the remainder of the concentrated dialysate aecording to § 134, 
9, to see whether arsenious or arsenic acid is present. 

It is generally best to examine the exhausted contents of the 
dialyser at once aecording to § 225 for metals, but in some cases, 
as for instance when you wish to determine the State of oxidation 
or combination of Compounds of arsenic or other metals, it is pre- 
ferable to heat the matter first with dilute hydrochloric acid and to 
dialyse it again. 

Instead of interpolating the dialysis at this stage, you may wait 
tili the close of C, and then if a metallic poison has been found and 
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you wish to ascertain its State of combination, you may recur to 
tbis paragraph, using the reserved one-third for die experimenU 

C. Method for the Detection of Arsenic in whatever Form it may exist^ 
which alloivs also of its Quantitative Determination^ and of the Detec- 
tion of all other Metallio Poisons* 

§ L>25. 

If you bave found no arsenious acid in substance by the 
method described in A, nor a soluble arsenic Compound by dialysis, 
evaporate the mass in the porcelain disb, on the water-oath, to a 
pasty consisteuce ; adding, if occasion requires, two-thirds of the 
stomach and intestines cut small, provided this has not been done 
already in the process of dialysis. 

In examining other parts of the body (the lungs, liver, &c), 
cut them also into small pieces, and use two-thirds for the analysis. 

The process is dividcd into nine parts.f 

1. Defloration and Solution. 

Add to the matters in the porcelain dish, which may amount 290 
to, say 100 or 250 grammes, an amount of hydrochloric acid of 1*12 
sp. gr., about equai to or somewhat exceeding the weight of the 
dry substances present, and sufficient water to give to the entire mass 
the consistence of a thin paste. The quantity of hydrochloric acid 
added should never exceed one-third of the entire liquid present 
Heat the dish now on the water-bath, adding every five minutes 
about two grammes of chlorute of potassa to the bot fluid, with 
stirring, until the content» of the dish are light yellow, and also 
perfectly homogeneous and fluid ; replace the evaporating water 
from time to time. When this point is attained, add again a portion 
of chlorate of potassa, and then remove the dish from the water- 
bath. When tue content« are quite cold, transfer them cautiously 
to a linen strainer or a white filter, according to the quantity ; 
allow the whole of the fluid to pass through, and heat the filtrate 
on the water-bath with renewai of the evaporating water, until the 
smell of chlorine has gone off or nearly so. Wash the residue well 
with hot water, and dry it ; then mark it L, and reserve for further 
examination, according to 303* Evaporate the washings on the 
water-bath to about 100 grammes, aad this, together with any 
precipitate that may have formed therein, to the principal filtrate. 

2. Treatment of tlie Solution with Hydrosulphurw Acid (Separation 291 
of the Arsenic as Tersulphide, and of all the Metals of Groups 
V. and VI. in forms of Sulphides). 

Transfer the fluid obtained in 1, which amounts to three or 
four times the quantity of the hydrochloric acid used, to a flask, 
heat this on the water-bath to 70°, and transmit through it, for 

• Thifl method is easentially the same as that which was published in 1844 bf 
L. v. Babo and myself ; comp are Ann. d. Chem. u. Pharm., 49, 808. I have ainoe 
that time had frequent occaeioo to apply it ; I have also had it tried by others, ander 
my own inspection, and / have invariably found it to annoer the purpoie perfectly. 

f I need haHly observe, that in an analysis of this kind, too muoh care oaouot bs 
iaken to insnre the purity of the reagents and the cleanliness of the apparatua. 
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about 12 hours, a slow stream of washed hydrosulphuric acid, then 
let the mixture cool, continuing tbe transmission of the gas ; rinse 
tbe delivery pipe witb some ammonia, add tbe ammoniated Solution 
tbus obtained, after acidifying, to the principal fluid, cover tbe 
flask lightly witb unsized paper, and put it in a moderately warm 
place (about 30°) until the odor of hydrosulphuric acid has nearly 
disappeared. Collect tbe precipitate obtained in tbis manner on a 
filter, and wasb with water containing hydrosulphuric acid until 
the washings are quite free from chlorine. Concentrate the filtrate 
and washings. If a precipitate forms, filter it off, wasb and add 
it to tbe principal hydrosulphuric acid precipitate. Mix the 
concentrated fluid in a proper sized flask with ammonia to alka- 
line reaction, then with sulphide of ammonium, closely cork tbe 
flask, which must now be nearly füll, and reserve it tbr furtber 
examination according to 307» 

3. Purification of the Precipitate produeed oy Hydromlphurie Acid. 292 

The precipitate obtained in 2 contains tbe whole of the arsenic 
and all tbe otber metals of the flfth and sixth groups, in the form 
of sulphides, and also organic matter and free sulphur. Dry it 
with the filter completely in a small dish, over the water-bath, add 
pure fuming nitric acid (free from cblorine), drop by drop, until 
the mass is completely moistened, then evaporate on tbe water- 
bath to dryness. Moisten tbe residue uniformly all over with pure 
concentrated sulphuric acid, previously warmed ; then heat for two 
or three hours on tbe water-oath, and finally with an air- sand- or 
oil-bath at a somewhat higher, though still moderate temperature 
(170°), until the charred mass becomes friable, and a small sample 
of it — to be returned afterwards to tbe mass — when mixed with 
water and then allowed to subside, gives a colorless fluid ; should the 
aqueous fluid be brownisb, or should the residue consist of a brown 
oily liquid, add to the mass some cuttings of pure Swedish filtering- 

Eaper, and continue the application of heat. You may raise the 
eat tili furaes of sulphuric acid begin to escape without fear of 
loss of arsenic. By attending to these rules you will always com- 
pletely attain the object in view, viz., tbe destruction of the 
organic substances, without loss of any of the metals. Warm the 
residue on the water-bath with a mixture of 8 parts of water and 
1 part of hydrochloric acid, filter, wash tbe undissolved part 
thoroughly with hot water, containing a little hydrochloric acid, 
and add the washings, concentrated if necessary, to tbe filtrate. 

Dry the washed carbonaceous residue, then mark it II., and 
reserve it for furtber examination according to 304* 

4. Preliminary Examination for Arsenic and other Metallic Poisons ö/*293 
Groups V. and VI. (Second Precipitation with Hydrosulphuric 
Acid.) 

The clear and colorless or, at the most, somewhat yellowish 
fluid obtained in 3 contains all the arsenic in form of arsenious 
acid, and may contain also tin, antimonv, mercury, copper, bismuth, 
and' cadmium. Supersaturate a small portion gradually with a 
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mixture of carbonate of ammonia and ammonia, and observe 
wbether a precipitate is produced, acidify witb hydrochloric acid, 
which will redissolve tbe precipitate tbat may have been produced 
by ammonia ; tben return tbe sample to tbe principal fluid, and 
treat tbe latter witb hydrosulphuric acid, first at a gentle heat, 
afterwards without beat, according to 291. 

Tbis process may lead to three different results, wbich are to 
be carefully distinguished. 

a. The hydrosulphuric acid f aus to produce a precipitate ; but on 294 
Standing a triiling wbite or yellowish-white precipitate sepa- 
rates. In this case probably no metals of Groups V. and VI. are 
present. Nevertheless, treat the filtered and wasbed precipi- 
tate as dirccted 297, to guard against overlooking even tbe 
minutest traces of arsenic, &c. 

b. A precipitate isjbrmed, of a pure yellow color ; like that of 295 
tersulpbide of arsenic. Take a small portion of the fluid, 
together witb tbe precipitate suspended tberein, add some 
ammonia, and sbake for some time witbout heating. If tbe 
precipitate dissolves readily, and, witb tbe exception of a trace 

of sulpbur, completely, and if in the preliminary examination, 
(293) carbonate of ammonia bas failed to produce a precipi- 
tate, arsenic alone is present, and no othcr metal (at least, if 
any tin or antimony is present, it is not worth mentioning). 
Mix tbe Solution of tbe small sample in ammonia, with hydro- 
cbloric acid to acid reaction, return this to the fluid containing 
tbe principal precipitate and proceed as directed 297- If, on 
tbe otber band, the addition of ammonia to tbe sample com- 
pletely or partially fails to redissolve the precipitate, or if, in 
the preliminary examination (293); carbonate of ammonia has 
procluced ix precipitate, there is reason to suppose that 
another metal is present, perhaps with arsenic. In this latter 
case also, add to tbe sample in the test-tube hydrochloric acid 
to acid reaction, return it to the fluid containing the principal 
precipitate, and proceed as directed 298- 

c. A precipitate is formed of another color. In that case you 296 
have to assume that other metals are present, perhaps with 
arsenic. Proceed as directed 298* 

6. Treatment of the Teltow Precipitate produced by Hydrosulphuric Acid, 297 
rohen the Results of 295 lead to the Assumption that Arsenic alone is 
present. (Determination of the Weight of the Arsenic.) 

As soon as the fluid preeipitated according to 293 bas nearly 
lost the smell of sulphuretted hydrogen, collect the yellow precipi- 
tate on a small filter, wasb thoroughly, pour upon the still moist 
precipitate Solution of ammonia, and wasb the fiiter — on which, in 
this case, nothing must remain undissolved, except some sulphur — 
thoroughly with dilute ammonia ; evaporate the fluid in a small 
accurately tared porcelain disb, on the water-bath and dry the 
residue at 100° until the weight is constant. Tbe final weight 
represents the quantity of sulphide of arsenic if upon tbe 
subsequent reduetion this is found to be pure ; in tbat case, multi- 
ply the weight by '8049 to obtain the corresponding amount of arse-* 
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nious acid, or by *Ö098 to obtain the correspondinff amount of me- 
tallic arsenic. Treat the residue in the dish aecording to 300- 

6. Treatment of the Yellow Precipitate produced by Hydrosulphuric Acid, 298 
when the Hesults of 295 or 296 ^«^ to the Assumption that another 
Metal is present — perhaps with Arsenic. (Separation of the Metals 
from each other. Determination of the Weight of the Arsenic). 

If you have reason to suppose that the fluid preeipitated aecord- 
in * to 293 contains other metal«, perhaps with arsenic, proeeed as 
follows : — As soon as the preeipitation is thoroug'hly accomplished, 
and the smell of sulphuretted hydrogen has nearly gone off, collect 
the precipitate on a small filter, wasn thoroughly, pierce the filter, 
and wash all the precipitate into a small flask, using the least 
possible quantity of water; add to the fluid in which the pre- 
cipitate is now suspended, first ammonia, then some yellowish 
sulphide of ammonium, and let the mixture digest for some 
time at a gentle heat. Should part of the precipitate remain un- 
dissolved, Alter this off, wash, pierce the filter, rinse off the residuary 
precipitate, mark it III., and reserve for further examination aecor- 
ding to 305- Evaporate the filtrate, together with the washings, 
in a small porcelain dish to dryness. Treat the residue with some 
pure fuming nitric acid (free from chlorine), nearly drive off the 
acid by evaporation, then add, as C. Meyer was the first to recom- 
mend, a Solution of pure carbonate of soda, in small portions tili in 
excess. Add now a mixture of 1 part of carbonate and 2 parts of 
nitrate of soda in sufficient, yet not excessive quantity, evaporate to 
dryness, and heat the residue very gradually to fusion. Let the 
fused mass cool, and take it up witn cold water. If a residue re- 299 
mains undissolved, filter, wash with a mixture of equal parts of 
spirit of wine and water, mark it IV., and reserve for further exami- 
nation, aecording to 306- Mix the Solution which contains all the 
arsenic as arsenate of soda, with the washings, previously freed 
from alcohol by evaporation, add cautiously pure dilute sulphuric 
acid to strongly acid reaction, evaporate in a small porcelain dish, 
and, when the fluid is strongly concentrated, add again sulphuric 
acid, to see whether the quantity first added has been suincient to ex- 
pel all nitric acid and nitrous acid ; heat now cautiously until heavy 
fumes of hydrated sulphuric acid begin to escape; then let the liquid 
lool, add water, transfer the Solution to a small flask, keep heated 
At 70°, and conduet into it for at least 6 hours, a slow stream of 
washed hydrosulphuric acid. Let the mixture finally cool, con- 
tinuing the transmission of the gas all the while. ff arsenic is 
present, a yellow precipitate will form. When the precipitate has 
completely subsided, and the fluid has nearly lost the smell of sul- 
phuretted hydroffen, filter, wash the precipitate, dry it, extract the 
free sulphur with pure bisulphide ot carbon, dissolve in ammonia, 
and treat the Solution aecording to 297; in order to determine 
the weight of the arsenic. 

7. Reduction of the Sulphide of Arsenic. 

The produetion of metallic arsenic from the sulphide, which 300 
may be regarded as the keystone of the whole process, demands 
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od which account it 
investigations. 

Take core to have the w'. 



the greatest eure and attention. The method recommendcd § l.'i2, 
12, viz., to fuse the areenical Compound, mised with Cyanide of 
potassium and carbonate of soda, in a slow stream of carbonic aeid 
pas, is the best and safest, affording, besides tbe advantage of great 
aecuraey, also a positive guarantee against the ebaneeot confound- 
ing the arsenic with any other body, more particularly antimony ; 
"" '- ,l: - 1 - - -■-- - especially adapted for medico-legal 

> apparatus nlled with carbonic aeid, 
and to give the proper degree 
of force to the fr aseous stream, 
before applying heat. Instend 
of the gas generating appa- 
ratus shown 5 132, 12, you 
may use the simpler one figured 
in the margin ; the clip being 
provided with an ndjusting 
Bcrew, and the stoppen being 
of caoutchouc. A gas gene- 
rating appnratus which does 
not allow of tbe current being 
reguloted is not adapted for 
the present purp ose. 

Do not red nee the whole of 
the sulphide of arsenic at ouce, 
so thnt if you wish öfter wards 
you may repent tbe reduetion 
severul times. If there is too 
little sulphide of arsenic to be 
divided, dissolve it in n few 
drops of ammonia, add n small 
itity of carhonate of soda, 




Fig. 44. 



evaporate to dryness on the water-bath with stirring and take a 
portion of the moss for the reduetion. 

Otto recommends* to convert the sulphide into arsenic aeid, 3 1 
before proeeeding to the reduetion. Tbe fullowing is tbe pro- 
cess given by him to effeet the conrersion : Potir concentrated 
nitric aeid over the sulphide in the diso, evaporate, and repeat the 
same Operation several times if necessary, then remove every trace 
of nitric aeid by repeatedly moistening the residue with water, and 
drying again, treat the Tesidue with a few drops of water, add car- 
bonate ot soda in powder, to form an alkaline mass, and thoroughly 
dry this in the dish, with frequent sürring, taking care to collect 
the mass within the least possible space in the middle of the dish. 
The dry mass thus obtained is admirably adapted for reduetion. 
I can fnlly confirm this Statement; but I must once more repeat 
that it is indispensable for the success of the Operation that the 
residue should be perfectly free from every trace of nitric aeid or 
nitrate, since otherwise deDagiation is sure to take place dnring 
the fusion with Cyanide of potassium, and, of course, the experiment 
will feil. 

* Anleitung rar Awmittelung der Gifts, rou Da. Fb. Jdl. Otto. 
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When the Operation is finished, cut off the reduction tube at c 302 
(fig\ 45), set aside the fore part, which contains the arsenical mirror, 
put the other part of the tube into a cylinder, pour water over it, 
and let it stand some time ; then filter the Solution obtained, add 
to the filtrate hydrochloric acid to acid reaction ; then conduct some 
hydrosulphuric acid into it, and observe whether this produces a 




^^^ Bsasa, 

c 
Fig. 45. 

Erecipitate. In cases where the reduction of the sulphide of arsenic 
as been etfected directly, without previous conversion to arsenic 
acid, a trifling yellow precipitate will usually form ; had traces of 
antimony been present, the precipitate would De orange-colored and 
insoluble in carbonate of ammonia. After all the soluble salts of 
the fused mass have been dissolved out, examine the metallic 
residue which may be left, for traces of tin and antimony (nothing 
but traces of these two metals could be present here if the instruc- 
tions given have been strictly followed). Should appreciable traces 
of these metals, or either of them, be found, proper allowance 
must be made for this in calculating the weight of the arsenic. 

8. Examination of the reserved Lesiducs y for other Metals of the 

Fifth and Sixth Groups. 

Residue L This may contain chloride of silver and sulphate of 303 
lead, possibly also binoxide of tin and sulphate of barium. Incine- 
rate it in a porcelain dish, burn the carbon with the aid of nitrate of 
ammonia, extract the residue with water, dry the part left undis- 
solved, then fuse it with carbonate of soda and Cyanide of potas- 
sium in a porcelain crucible. When cold exhaust with water, treat 
the residue with dilute acetic acid to extract any carbonate of 
baryta, warm any residue which may still be left with nitric acid, 
and proeeed aecording to § 181. Test the acetic acid Solution for 
baryta with Solution of sulphate of lime. 

Residue IL This may contain lead, mercury, and tin, possibly 304 
also, antimony and bismuth. Heat it for some time with nitro- 
hydrochloric acid, and filter the Solution ; wash the residue with 
water, at first mixed with some hydrochloric acid, add the washings 
to the filtrate, and treat the mixture with hydrosulphuric acid. 
Should a precipitate form, examine it aecording to § 191. Incinerate 
the residue insoluble in nitrohydrochloric acid, fuse the ash with 
Cyanide of potassium and treat the fused mass as directed 303- 

Residue II L Examine for the metals of the fifth group aecording 305 
to § 193. 

Residue IV. This may contain tin and antimony, perhaps also 306 
copper. Treat it as directed 123- lf the color of the residue was 
black (oxide of copper), treat the reduced metals aecording to § 181. 
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9. JSxamination of the. reserved filtrate for Metals of the Third and 
Fourth QroupSy especially for Zinc, Chromium, and Thallium.* 

a. The filtrate from the hydrosulphuric acid precipitate, has 307 
already been mixed with siilphide of ammonium. The addition 

of this reagent is usually attended with the formation of a 
precipitate consisting of sulphide of iron and phosphate of lime, 
but which may possibly also contain sulphide of zinc, sulphide 
of thallium and nydrated oxide of chromium. Filter it off, wash 
with water contain ing sulphide of ammonium, diesolve by 
warming with hydcochloric acid and a little nitric acid, evapo- 
rate the filtrate with sulphuric acid in a retort tili quite thick, 
and test the distillate with iodide of potassium and bichloride 
of plutinum, and also in the spectroscope for thallium 
(§ 113, b), as a portion of this metal niay have escaped with 
the hvdrochloric acid. Treat the residue in the retort with 
water, filter, add carbonate of soda to alkaline reaction, 
and then excess of Solution of Cyanide of potassium (free from 
sulphide). Heat for some time, filter, reserve the residue on 
the filter (a), mix the filtrate with sulphide of ammonium, 
and examine the precipitate for thallium in the spectroscope. 
Evaporate the filtrate together with the residue a under a 
good draught with excess of sulphuric acid, tili some of the 
latter begins to escape, dilute, filter, throw down with ammonia 
and sulphide of ammonium, and test the precipitate for zinc 
and sesquioxide of chromium according to 156 — 159« 

b. The fluid filtered from the precipitate produced by sul- 308 
phide of ammonium (307) mo y contain all the chromium, as 
sulphide of ammonium fails to precipitate sesquioxide of chro- 
mium completely from Solutions containing organic matter. 

To detect it, evaporate to dryness, ignite, mix the fixed residue 
with 8 parts of chlorate of potassa and 1 part of carbonate of 
soda, and project the mixture into a crucible heated to mode- 
rate redness. Allow the inass to cool, and boil with water, 
when a yellow coloration of the fluid will indicate chromium. 
For confirmatory tests see § 138. 

II. Method for the Detection of Hydrocyanic Acid. 

§226. 

Under the term hydrocyanic acid we include Cyanide of potas- 309 
rßium, which acts in the same way, and being extensively used in the 
arts is much more readily procurable. As hydrocyanic acid may 
easily decompose in presence of the matter of food or the content» 
of tne stomach, the analyst must proceed without unnecessary 
delay. However, the acid does not decompose with such extreme 
rapidity as might be imagined, and in fact it is some time before the 
wnole of it is lost.f 

* With reference to the poisonous action of thallium, compare Laut, Jooitl L 
prakt. Chem. 91, 360. And for the electrolytic method of dwcovering ihalliom in 
chemico-legal cases, eee Mabmä, Zeitschr. f. anal. Chem. 6, 503. 

i a ThuB 1 Bucoeeded in separating a notable qnantity of hydrocyanic acid from the 
Stomach of a man who had poiaoned himself with that acid in very hot weather, and 
whose intestines were not hauded to me tili 36 hours after death. Again, a dog 
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Although hydrocyanic acid betrays its presence, even in minute 
quantities, by its odor, still tbis sign must never be looked upon 
as conclusive. On the contrary, to adduce positive proof of the 
presence of tbe acid, it is always indispensable to separate it, and to 
convert it into certain known Compounds. 

Tbe metbod of accomplishing tbis, wbicb I am about to de- 
scribe, is based upon distillation of tbe acidiiied mass, and examina- 
tion of tbe distillate for hydrocyanic acid. Now, as the non- 
poisonous salts, ferro- and ferricyanide of potassium, give by 
distillation likewise a product containing hydrocyanic acid, it is 
indispensable — as Otto observes — first to ascertain wbether one of 
tbese salts may not be present. To this end, stir a small portion 
of tbe mass to be examined with water, filter, acidify the filtrate 
with hydrochloric acid, and test a portion of it with sesquichloride of 
iron, another with sulphate of protoxide ofiron. If no blue precipi- 
tate or coloration forms in either, soluble ferro- and ferricyaniaes 
are not present, and yon may safely proceed as follows. ff a re- 
action is obtained proceed according to 314. 

Test, in tbe first place, tbe reaction of tbe mass under examina- 310 1 
tion ; if necessary, after mixing and stirring it with water. If it is 
not already strongly acid, add Solution of tartaric acid until the 
fluid strongly reddens litmus-paper ; introduce tbe mixture into a 
retort, and place tbe body oi the retort, with the neck pointmg 
upwards, in an iron or copper vessel, the bottom of which is covered 
with a clotb ; fill tbe vessel with a Solution of cbloride of calcium, 
and apply heat, so as to cause gentle ebullition of tbe content» of 
the retort. Conduct the vapors passing over, with the aid of a 
tight-fittdng tube, bent at a very obtuse angle, through a Likbig's 
condenser,* and receive the distillate in a small weighed flask. 
When about 15 c.c. of distillate has passed over, remove the 
receiver, and replace it by a somewhat larger flask, also previously 
tared. Weigh the contents of the first receiver now, and proceed 
as follows : 

a. Mix one-fourth with potassa to strongly alkaline re- 311 
action, add a small quantity of Solution of sulphate of prot- 
oxide of iron, mixed with a little sesquichloride of iron, digest 

a few minutes at a very gentle heat, and supersaturate finally 
with hydrochloric acid. A blue precipitate indicates hydro- 
cyanic acid. If only a very small quantity is present the fluid 
is at first merely colored greenish, but on Standing it will de- 
posit blue flakes. 

b. Treat another fourth as directed § 155, 7, to convert the 312 
hydrocyanic acid into sulphocyanide of iron. As the distillate 
might, bowever, contain acetic acid, do not neglect to add at 

the end of the process a little more hydrochloric acid, in order 
to destroy the influence of the acetate of ammonia. 

c. If the experiments a and b have demonstrated the pre- 313 
sence of hydrocyanic acid, and you wish now also to approxi- 

poisoned with hydrocyanic acid, and the contents of the stomach, mixed with the 
blood» were left for 24 houro exposed to an inteuse summer heat, and then exunined : 
tbe acid was still detected. 

* In teating for phosphorus at the same time, tbe condenser must be «ntirely of * 
glass, and the Operation must be condueted in a perfectly dark room. Compare 318. 
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mately determine its quantity, continue the distillation as long 
as the fluid passing over contains hydrocyanic acid ; add one- 
half of the contents of the second receiver to the remaining 
half of the contents of the first, mix the fluid with nitrate of 
silver, then with ammonia in excess, and finally with nitric 
acid to strongly acid reaction. Allow the precipitate which 
forms to subside, collect on a tared filter dried at 100°, wash 
. the precipitate, dry it tboroughly at 100°, and weigh. Ignite 
the weighed precipitate in a small porcelain crucible, to destroy 
the Cyanide of silver, fuse the residue with carbonate of sodta 
and potassa (to effect the decomposition of the chloride of silver 
which it may contain), boil the mass with water, Alter, acidify 
the filtrate with nitric acid, and precipitate with nitrate of 
silver; determine the weight of the chloride of silver which 
may precipitate, and deduct the amount found from the total 
weight of the chloride and Cyanide of silver. The difference 
gives the quantity of the latter ; by multiplying this by '2017, 
you find the corresponding amount of annydrous hydrocyanic 
acid ; and by multiplying this again by 2 — as only one-half of 
the distillate has been used — you find the total quantity of 
hydrocyanic acid which was present in the examined mass. In- 
stead of decomposing the fused silver precipitate by fusion with 
carbonate of soda and potassa, it may oe reduced also by means 
of zinc, with addition of dilute sulphuric acid, and the chlorine 
determined in the filtrate. 

Instead of pursuing this indirect method, you may also 
determine the quantity of the hydrocyanic acid, by the fol- 
lowing direct method : introduce half of the distillate into a 
retort, together with powdered borax ; distil to a small residue, 
and determine the hydrocyanic acid in the distillate as Cyanide 
of silver. Hydrochloric acid can no longer be present in this 
distillate, as the borax retains it in the retort (Wacken roder). 
When ferro- or ferricyanides have been detected, J. Otto 314 
recommends to slightly acidify the mass, to add precipitated car- 
bonate of lime in excess and to distil it at 40° or 50° on a water- 
bath. The hydroferro- and hydroferricyanic acids are retained by 
the lime of the carbonate of lime, the hydrocyanic acid distils 
over. The distillation can not be effected cürectly over the flame, 
as hydrocyanic acid would pass into the distillate even when fer- 
rocyanides or ferricyanides alone were present. 

III. Method for the Detection of Phosphorüs. 

§227. 

Since phosphorüs paste has been employed to poison mice, Ac, 315 
and the poisonous action of lucifer matches has become more ex- 
tensively known, phosphorüs has not unfrequently been resorted to 
as an agent for committing murder. The chemist is therefore 
occasionally called upon to examine some article of food, or the con- 
tents of a stomach, for this substance. It is obvious that, in cases 
of the kind, bis whole attention must be directed to the Separation 
of the phosphorüs in the free State, or to the production of such re- 
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actions as will enable him to infer tbe presence of free phosphorus ; 
since the mere finding of phosphorus in form of phosphates would 
prove nothing, as phosphates invariably form constituents of animal 
and vegetable boaies. 

A. Detection of Vnoocidised Phosphorus. 

1. Ascertain in the first place whether the presence of phos- 316 
phorus is indicated by its smell, or by its luminosity in the dark. 

Po thisend take care toincrease the contact of the phosphorus with 
the air, by rubbing, stirring, or shaking. 

2. Put a little of the substance into a flask, fasten to the loosely 317 
inserted cork a strip of filtering-paper moistened with neutral Solu- 
tion of nitrate of silver, and heat to 30° or 40°. If the paper does 
not turn black, even after some time, no unoxidized phospnorus is 
present, and there is consequently no need to try 3 and 4, but the 
Operator may at once pass on to 324* If, on the other hand, the 
paper turns black, tliis is no positive proof of the presence of phos- 
phorus, as hydrosulphuric acid, formic acid, putrefying matters, 
&c, will also cause blackening of the paper. Treat therefore the 
principal mass of the substance now by the methods 3 and 4. (To 
ascertain whether the blackening proceeds from the presence of 
hydrosulphuric acid, try the reaction with a strip of paper moistened 
with Solution of lead or with terchloride of antimony.) — T. 
Scherer.* 

3. As the luminosity of phosphorus is always one of the most 318 
striking proofe of the presence of that element in the unoxidized 
State, examine a large portion of the substance by the following 
excellent and approved method, recommended by E. Mitschbr- 

LICH.f 

Mix the substance with water and some sulphuric acid or — if 
you are testing for hydroeyanic acid at the same tarne— tartaric acid, 
and subjeet the mixture to distillation in a flask, A, (fig. 46). This 
flask is connected with an evolution tube, b, and the latter again 
with a glass condensing tube, c c c, which passes through the 
bottom ol a cy linder, B, in which it is fastened oy means of a cork, 
and opens into a glass vessel, C. Gold water is made to run from 
D through a stopcock, into a funnel, t, the lower end of which rests 
upon the bottom of B ; the water flows off through g.\ 

Now, if the substance in A contains phosphorus, there will ap- 
pear, in the dark, at the point r, a strong luminosity, usually a 
luminous ring. If you take for distillation 150 grm. of a mixture 
containing only 1*5 mgrm. of phosphorus, and accordinjrly only 1 
part in 100,000, you may distil over 90 grm., which will take at least 
half an hour — without the luminosity ceasing. Mitscherligh, in 
one of bis experiments, stopped the distillation after half an hour, 
allowed the flask to stand uncorked a fortnight, and then recom- 
menced the distillation : the luminosity was as strong as at first. 

If the fluid contains substances which prevent the luminosity of 
phosphorus, such as ether, alcohol, or oil of turpentine, no lumino- 
sity is observed so long as these substances continue to distil over. 

* Ann. d. Chero. u. Pharm, 112, 214. t Journ. f. prakt. Chera. 66, 288, 

t A glass Liebio's condenaer may of coorse be u«ed inatead of this apparatua. 
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In the case of ether and nicohol, howe»er, this ia aoon eflected, and 
the luminosity accordingly veiy speedily makes it* appearance ; but 
oil of turpentine positively atops the reaction. 




Fig. 48. 

After the terminat.ion of the process, globules of phosphorus are 319 
found at the bottom of the receivor. Mitscherlich obt&ined 
from 160 gm. of a mixture containing '02 grm. phosphorus, so 
many globules of that body, that the tenth part of them woitld 
have becn amply sufficient to demonstrate its presence. In medico- 
legal investigations these globules should first De washed with nico- 
hol, then weighed. A portion may afterwards be subjeeted to a 
confiriaatory examination, to make quitc snre that they really con- 
siet of phosphorus ; the remainder, together with a portion of the 
fluid which shows the luminosity upon distillation, should be sent 
in with the report. 

The Operation should he condueted in a dark place, best in the 
evening. Where it is perfonned in the daytime, care should he 
taken to close allarennes to the entrance of light, as where thia is 
not effectively done, the rays of light entering through some chink 
or crevice, may chance to be reflected by the glass vessel or by the 
fluids, andthus lead todeeeption. It isadvisable topass the evolu- 
tion tube at b, through the aperture of a screen. to guard effectively 
against reflection of light irom the lamp. These precautionary 
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measurps are of course neeess&ry only where very miaute trnces of 
phosphorus are to be detected. 

The residue left in the flask is tben examined for phosphorous 
acid as directed 324- The distal late also may be further examined 
in the siirae war, to confirm the presence of phosphorus, or to show 
the presence of phosphorous seid formed by the oxidation of phos- 
phorus fumes.* 

4. Put another portion of the substance, with addition of water 320 
if necessary, into o flask with doubly perforated cork, add dilute 
eulphuric acid to acid reaction, conduet washed carbonic acid %üs 
(evolved most conveniently from the evolution flask shown p. 159 or 
p. ;il 4) in a slow stream, into the flask, through a glass tube reaching 
nearly to the bottom, and let the gas issuing from another glass tube, 
inserted into the other Perforation of the cork, pass through one or 
t wo U tubes containing a neutral Solution of nitrate of silver. When 
the flask is filled with carbonic acid, beat it gently on the water- 
bath. Continue the Operation for several hours. If free phosphorus 
is present, it will volatiliae unoxidized in the carbonic acid stream, 
theo pass into the silver Solution, where it will be pnrtly converted 
into Hack phosphide of silver, partly into phosphoric acid. If no 
preeipitate forma, you may snfely conclude that no unoxidized phos- 
phorus is present, whilst, on the other hand, the formation of a 
preeipitate is not suffieieut proof of the presence of phosphorus, fts 
the preeipitate may owe its formation to volatile reducing agents or 
to hydrosulphuric acid. 




If a preeipitate hns forraed, filter through a filter well washed 321 
with dilute mtric acid and water, and wash. The presence of phos- 

• In teatiog for hydroeyanic »cid at the «ame tirae, it i« b«t to collect the tiret 15 CO. 
of the diatillato sepaiately, mod to »limine tbU for hjdrocyimic acid, the nub.cquent 
jiorlion» for phoaphorua. 
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phide of silver in itmaybe shown by Blondlot's improved modi- 
fication of Dussard's method,* substituting, however, for the appa- 
ratus used by Blondlot, the one shown (fig. 47), which may be 
easily constructed. 

a is a hydrogen-evolution bottle, b contains pumice-stone mois- 
tened with concentrated Solution of potassa, c is a common clip, 
d a screw clip, e a platinum jet, which is kept cool by tying mois- 
tened cotton round it. This platinum jet is indispensable to the 
production of a colorless hydrogen flame, as the soda in the glass 
will always color the flame yellow. 

To ascortain whether the zinc and sulphuric acid will give a 
gas quite free from phosphuretted hydrogen, let the evolution go 
on a short time, then close c until the fluid has ascended from a to 
f. Close d, open c, and regulate d by means of the screws so as to 
obtain a suitaule flame. If the flame, viewed in a dark place, is 
colorless, showing no trace of a green cone in the centre, and no 
emerald-green coloration when pressed upon by a piece of porcelain, 
as in Marsh's experiment, the hydrogen may be considered pure. 
It is advisable to repeat the experiment. Rinse the precipitate 
under examination into/, take care that every particle oi it reaches 
a, then repeat the experiment again. If the precipitate contains 
even a minute trace of phosphide of silver, the green cone in the 
centre of the flame and the emerald-green coloration will now 
become distinctly visible. 

Remove the excess of silver from the Solution filtered from the 322 
silver precipitate, by hydrochloric acid, pass through a Alter well 
washea with acid and water, remove the hydrochloric acid by 
evaporation on the water-bath, take up with nitric acid, and test for 
phosphoric acid with molybdate of ammonia, or with a mixture of 
sulphate of magnesia, chloride of ammonium, and ammonia (Neu- 
bauer and Fresenius-)-). 

We obtained by this method the clearest evidence of the pre- 
sence of phosphorus in a large quantity of putrid blood mixed with 
the iiead of a common lucifer match ; and this even in presence of 
substances which prevent the luminosity of tlie phosphorus in 
Mitscherlich's method. 

ö. If there is suificient phosphorus present to permit a quanti- 323 
tative determination, this may be effected by Scherer's modi- 
fication of Mitscherlich's method, viz., by distilling the mass, 
acidified with sulphuric acid, in an atmosphere of carbonic acid. 
I would suggest, with respect to this, to have the distilling flask 
furnished with a doubly perforated cork, and to transmit pure car- 
bonic acid gas until the apparatus is filled with it, but then to shut 
off the carbonic acid stream. A flask with doubly perforated cork 
serves for receiver ; the mouth of the condensing tube passes into 
one of the openings ; into the other is inserted a bent glass-tube, 
which leads to a U tube containing a Solution of pure nitrate of 
silver. 

When the distillation is over, minute globules of phosphorus 
are found in the receiver. A moderate stream of carbonic acid is 
now'once more transmitted through the apparatus, and a gentle 

• Zeitschr. f. anal. Chem. 1, 129. t Ibid. 1, 336. 
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heat applied, with a view to effect the formation of larger globules 
by aggregation. These are then washed and weighed as in 
Mitscherlich's metliod. The fluid poured off the phosphorus 
globules is luminous in the dark when shaken. It requires, how- 
ever, a larger proportion of phosphorus to obtain distinct luminosity 
in this way than is the case with Mitscherlich's method. The 
phosphorus in the fluid may, after oxidation by nitric acid or 
chlorine, be determined as phosphoric acid. However, the result 
is reliable only if the Operation has been conducted with the 
requisite care to guard against the spirting over of portions of the 
boiling fluid, which often contains phosphoric acid. To obtain 
the remainder of the phosphorus, treat the contents of the U tube 
vrith nitric acid, throw down the silver by hydrochloric acid, filter 
through a washed filter, concentrate in a porcelain dish, precipitate 
the phosphoric acid as phosphate of magnesia and ammonia, and 
weigh it as pyrophosphate of magnesia. 

B. Dctection of Phosjrftorous Acid. 

Should all attempts to detect phosphorus feil, try whether it 324 
may not be practicable to find the first product of its oxidation, i.e., 
phosphorous acid. For this purpose transfer the residue left in the 
distilling flask in 318 or in 323, or the residue left in 320, to 
the apparatus illustrated by fig. 47, having previously tested the 
purity of the zinc and sulphuric acid, then proceed according to the 
Instruction of 321, and oDserve whether the coloration of the hy- 
xirogen flame reveals the presence of phosphorus (Wöhler). Should 
this be the case, the encf in view is attained ; if not, the presence 
of organic substances may be the preventive cause. If, therefore, 
the flame remains uncolored, shut the clip at once, connect with 
the apparatus a U tube containing Solution of neutral nitrate of 
ßilver, open the clip agfain, and let tlie gas pass for many hours, in 
a slow stream, through the silver Solution. If phosphorous acid is 
present, a precipitate containing phosphide of silver will separate 
in the silver Solution ; cxamine it according to 321«* 



3. Examiiuition of the Inorganic Constituents of Plauts, Animals, 
or Parts ofthc same, of Manures, $c. (Analysis of Ashes.) 

§ 228. 

A. Preparation of the Ash. 

It is sufficient for the purposes of a qualitative analysis to inci- 325 
nerate a comparatively small quantity of the substance, which must 
previously be most carefully cleanea. The incineration is effected 
best in a small clay muffle, but it may be conducted also in a 
Hessian crucible placed in a slanting position, or under certain 
circumstances, even in a porcelain or platinum dish, with the aid 

* W. Herafath's siatement (Pharm. Journ. 1865, 573), that phosphoric acid is 
jriso reduced by zino and dilti te sulphuric acid, I have not found to be in accordance 
with the facta, Oompare my paper in the Zeitschr. f. anaL Chero. 6, 203. 

y2 
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of a wide glass tube or lamp-glass, to increase the draught. The 
heat must always be moderate, to prevent the volatilization of certain 
constituents, especially of chlorides. It is not always necessary 
to continue the combustion until all the carbon is consuined. With 
ashes containing a large proportion of fusible salts, as the ash of 
beet-root molasses, it is best, after thorough carbonization has been 
effected, to boil with water, and finally to incinerate the washed 
and dried residue. For further particulars see Quantitative Analysis. 



B. ExAMINATION OF THE ASH. 

As ihe qualitative analysis of an ash is undertaken, either as 326" 
a practical exercise, or for the purpose of determining its general 
character, and the State in which any given constituent raay nappen 
to be prescnt, or also with a view to make, as far as practicable, an 
approximate estimation of the quantities of the several constituents, 
it is usually the best wav to examine separately, the part soluble 
in water, the part soluble in hydrochloric acid, and the residue 
which is in soluble in both. This can be done the more readily, as 
the number of bodies to be looked for is but small. 



a. Examination of the Part soluble in Water. 

Boil the ash with water, filter, and whilst the residue is being 
washed, examine the Solution as follows : — 

1. Add to a portion, after heating it, hydrochloric acid in excess, 327 
wann, and allow to stand. Eftervescence indicates carbon ic acid 
combined with alkalies ; smell of hydrosulphuric acid indicates the 
ßULPHiDE of an alkali metal, formed from an alkaline sul- 
phate by the reducing action of the carbon. Turbidity from Sepa- 
ration of sulphur, with smell of sulphurous acid, denotes a 
HYrosuLPHiTE (which occurs occasionally in the ash of coal). 
Filter if necessary, and add chloride of barium to the fluid ; a white 
precipitate indicates sulphuric acid. 

2. Evaporate another portion to a small volume, add hydro- 328 
chloric acid to acid reaction (eflervesence indicates carbon ic 
acid), test a few drops for boracic acid with turmeric, evaporate 

to dryness, and treat the residue with hydrochloric acid and water ; 
a residue consists of silicic acid. Filter, add ammonia, chloride 
of ummonium, and sulphatc of magnesia ; a white precipitate indi- 
cates phosphoric acid. Instead of this reaction, you may also 
mix the fluid filtered from the silicic acid with acetate of soda, and 
then cautiously add scsquichloride of iron, or you may evaporate 
with excess of nitric acid on the water-bath to dryness, treat the 
residue with nitric acid, and test with molybdate of ammonia (§ 140). 

3. Add to another portion nitrate of silver as long as a preeipi- 329 
täte continues to form; warm gently, and then cautiously add 
ammonia; if a black residue is left, this consists of sulphide of 
silver, proeeeding from the sulphide of an alkali metal, or from a 
hyposulphite. Filter if necessary, add nitric acid in slight excess, 

to eflect the Solution of the phosphate of silver precipitate formed, 
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leaving thus only chlortde (iodide,* bromide) of silver un- 
dissolved. Filter, and examine the precipitate as directed 178, 
neutralize tbe filtrate exactly with ammonia. If this produces a 
light yellow precipitate, the phosphoric acid found in 328 was 
present in the tribasic, if a white precipitate, it was present in the 
bibasic form. 

4. Heat a portion with hydrochloric acid, then make it alkaline 330 
with ammonia ; mix with Oxalate of ammonia, and allow to stand. 

A white precipitate indicates lime. Filter and mix the filtrate with 
ammonia and phosphate of soda ; a crystalline precipitate, which 
often becomes visible only after long standing", indicates Magnesia. 
(Magnesia is often found in distinctly appreciable, lime only in 
exceedingly minute quantity, even where alkaline carbonates and 
phosphates are preßent.) 

5. For potassa and soda examine as directed § 197. If mag- 
nesia is present, first neutralize with hydrochloric acid, and remove 
the magnesia as directed § 196, 2. 

6. Lithia, which is much more frequently found in ashcs than 
has hitherto been believed, and oxide of Rubidium, which almost 
constantly accompanies potassa, may be most readily detected by 
the spectroscope in the residue consisting of the alkali salts. 

b. Examination of the Part solubte in Hydrochloric Acid, 

Warm the residue left undissolved by water with hydrochloric 331 
acidf — effervescence indicates carbonic ACiDcombined with alka- 
line earths; evolution of chlorine denotes oxides of manoanese. 
Evaporate to dryness with a few drops of sulphuric acid, heat a 
little more strongly to separate the silicic acid, moisten the 
residue with hydrochloric acid and some nitric acid, add water, 
warm, and fifter. Examine the precipitate for baryta and 
strontia according to 255- Examine tue Solution as follows. 

1. Test a portion with hydrosulphuric acid. If this produces 
any other than a perfectly white precipitate, you must examine it 
in the usual way. (The ashes of plante occasionally contain 
co p per ; if the plant has been manured with excrements deodo- 
rized by nitrate of lead, they may contain lead, and so on.) 

2. Jlixa portion with carbonate of soda, aslongas the precipitate 332 
forined redissolves upon stirring; then add acetate of soda, and 
some acetic acid. This produces, in most cases, a white precipitate 

of Phosphate of sesquioxide of iron, mixed occasionally with 
Phosphate of alumina. Filter, wash the precipitate, heat it 
with pure potash, filter and test the filtrate for alumina by acidi- 
fving with hydrochloric acid, adding ammonia and warming. If 
the filtrate is rcddish, there is more iron present than corresponds 
to the phosphoric acid ; if it is colorless, add sesquichloride of iron 
drop by drop tili the fiuid is reddish. (The quantity of the preci- 
pitate of phosphate of sesquioxide of iron here formed will give you 
some idea of the amount of phosphoric acid present.) Boil, if 



* To detect the iodine in aquatic plante, dip the plant in weak Solution of pol 
{Chjltin), dry, incinerate, treat with water, and examine the Solution aa directed 
{258). 

t If the residue still contains much carbon after further incineration. 
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the fluid does not lose its color, add more acetate of soda and boil 
again, filter hot, neutralize the filtrate exactlj witli ammonia, mix 
with sulphide of ainnionium in a fiask, fill up the latter, close the 
mouth, ollow to stand some time and filter. Test the precipi- 
tate according to 141 for manoanese and zixc (the latter is 
seldom present); test the filtrate for lime and maoxesia (330)- 
The lime may contain a little strontia and must therefore be 
tested aecording to p. 98. 

3. Test the rest for fluorixe according to § 146, 6. 

c. Examination of the llesidue insoluble in Hydrochloric Acid. 

The residue insoluble in hydrochloric acid contains, 

1. The silicic acid, which hasseparated on treating with hydro- 333" 
chloric acid. 

2. Those ingredients of the ash which are insoluble in hydro- 
chloric acid. These are, in most ashes, sand, clay, carbon ; sub- 
stances, therefore, which are present in consequence of defective 
cleaning or imperfect combustion of the plants, or matter derived 
from the cruciule. It is only the ashes of the stalk of cereals and 
others abounding in silicic acid that are not completely decomposed 
by hydrochloric acid. 

lioil the washed residue with Solution of carbonate of soda in 334- 
excess, filter hot, wash with boiling water, and test for silicic acid 
in the filtrate by evaporation with hydrochloric acid (§ 150, 2). If 
the ash was of a kind to be completely decomposed by hydrochloric 
acid, the analysis may be considered finished — for the accidental 
admixture of clay and sand will rarely interest the analyst suffi- 
ciently to Warrant a more minute examination by fusing. ßut if the 
ash abounded in silicic acid, and it may therefore be supposed that 
the hydrochloric acid has failed to etfect complete decomposition, 
evaporate half of the residue insoluble in Solution of carbonate of 
soda with pure Solution of soda in excess, in a silver or platinum 
dish, to dryness. This decomposes the Silicates of the asn, whilst 
but little aflbcting the sand. Acidify now with hydrochloric acid, 
evaporate to dryness, <fcc, and proceed as in 331. For the detec- 
tion of the alkalies use the other half of the residue, treating this- 
according to 228* 



SECTION III. 

EXPLANATORY NOTES AND ADDITIONS TO THE 
SYSTEMATIC COURSE OF ANALYSIS. 

I. Additional Remarks to the Preliminary Examination. 

To §§ 17ö— 178. 

The inspection of the physical properties of a body may, as already 
stated, in many cases enable the analyst to draw certain general infe- 
rences as to its nature. Thus, for iastance, if the analyst has a white 
substance before hiin, he may at once conclude that it is not cinnabar, 
or if a light substance, that it is not a Compound of lead, &c. Inferences 
of this kind are quite admissible to a certain extent ; but if carried too 
fer, they are apt to mislead the Operator, by blindin^ him to every 
reaction not exactly in accordance with his preconceiveu notions. 

As regards the exaraination of substances at a high temperature, 
platinum foil or small iron spoons may also be used in the process ; how- 
ever, the glass tube gives, in most cases, results more clearly evident, 
and affords moreover the ad van tage that volatile bodies are less likely 
to escape detection. To ascertain the producta of oxidation of a body 
it is sometimes advisable also to heat it in a short glass tube, open at 
both ends, and held in a slanting position ; small quantities of a metallic 
gulphide, for instance, may be readily detected by this means (§ 15(5, 6). 

With respect to the preliminary examination by means of the blow- 
pipe, I have to remark that the Student must avoid drawing positive 
conclusions, until he has acquired some practice. A slight incrustation 
of the charcoal, which may seem t# denote the presence of a certain 
metal, is not always a conclusive proof of the presence of that metal ; 
nor would it be säte to assume the tlbsence of a substance simply because 
the blowpipe tlame fails to etfect reduction, or Solution ot nitrate of 
protoxide of cobalt fails to impart a color to the ignited mass, &c. The 
blowpipe reactions are, indeed, in most cases unerring, but it is not 
always easy to produce them, and they are moreover liable to suffer 
modification by accidental circumstances. 

The Student should never omit the preliminary examination ; the 
notion that this Omission will save time and trouble is very erroneous. 

II. Additional Remarks to the Solution, etc., of Substances. 

To §§ 179—181. 

It is a task of some difficulty to fix the exact limit between substances 
which are soluble in water and those that are insoluble in that inen- 
struum, since the number of bodies which are sparingly soluble in water 
is very considerable, and the transition from sparingly soluble to insoluble 
is very gradual. Sulphate of lime, which is soluble in 430 parts of 
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wuter, might perhaps serve as a limit between the two classes, since thif 
salt may still De positively detected in aqueous Solution by the delicate 
reagents wbich we possess for liine and sulphuric acid. 

When examining an aqueous fluid by evaporating a few drops of it 
upon platinum tbil, to see whether it bolds a solid body in Solution, a 
verv minute residue sometimes remains, which leaves the anaivst in 

%> 7 ml 

doubt respecting tbe nature of the substance. In cases of the kind test, 
in the first place, the reaction of the fluid with litmus-papers ; in the 
second place, add to a portion of it a drop of Solution of Chloride of 
bar i um ; and lastly, to another portion some carbonate of soda. Should 
the fluid be neutral, and remaiu unaltered upon the addition of these 
reagents, the analyst need not, as a general rule, examine it any further 
for bases or acids ; since if the fluid contained any of those bases or acids 
which principally form sparingly soluble Compounds, the chloride ot 
barium and the carbonate of soda would have revealed their presence. 
The anaivst mav therefore feel assured that the detection ot the sub- 
stance of which the residue left upon evaporation consists will be more 
readilv effected in the class of bodies insoluble in water. 

If water has dissolved any part of the substance under examination, 
the Student will alwavs do well to examine the Solution, both for acids 
and bases, since this will lead more readilv to a correct apprehension of 
the nature of the Compound and will give greater certainty — two ad- 
vantages which will ainply counterbalanee tbe drawback of sometimes 
meeting with the sanie substance both in the aqueous and in the acid 
Solution. 

The following substances (with few exceptions) are insoluble in water, 
but soluble in hydrochloric acid or in nitric acid : the phosphates, arse- 
nates, arsenites, borates, carbonates, and Oxalates of the earths and 
metals ; also several tartrates, citrates, malates, benzoates, and succi- 
nates ; tbe oxides and sulphides of the heavy inetals ; aiuuiina, mag- 
nesia ; uiany of the metallic iodides and cyanides, &c. Nearly the whole 
of these Compounds are, indeed, decomposed, if not by dilute, by boiling 
concentrated hydrochloric acid ;* but this decomposition gives rise to 
the formation of insoluble conipouiuls where oxide of silver is present, 
and of sparingly soluble Compounds in the presence of suboxide of mer- 
cury and lead. This is not the case with nitric acid, and accordingly 
the latter effects complete Solution in nianv cases where hydrochloric 
acid leaves a residue. On the other band, however, nitric acid leaves, 
besides the bodies insoluble in any simple acid, teroxide of antimony, 
binoxide of tin, binoxide of lead, &c, undissolved, and dissolves many 
other substances less readily than hydrochloric acid — e.g. } sesqui oxide of 
iron and alumina. 

Substances not soluble in water are therefore, briefly, to be treated 
as follows : try to dissolve them in dilute or concentrated, cold or boiling 
hydrochloric acid ; if this fails to ettect complete Solution, try to dissolve 
a fresh portion in nitric acid ; if this also fails, treat the body with aqua 
regia, which is an excellent solvent, more particularly for metallic sul- 
phides. To examine separately the Solution in hydrochloric acid or in 
nitric acid, on the one band, and that in nitrohvdrochloric acid on the 
other, is, in most cases, neither necessary nor desirable. To prepare a 
Solution in nitric acid or in aqua regia, where the nature of the substance 

* For the exceptions see § 203. 
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cloes not absolutely demand it, is not advisable, as a Solution in hydro- 
chloric acid is much better suited for precipitation by hydrosulphuric 
acid. Nor is it advisable to concentrate a Solution in aqua regia by 
evaporation, to drive off the excess of the acids, as the Operation might 
lead to the escape of volatile Chlorides, more particularly of chloride 
of arsenic. It is therefore always best to use no more aqua regia than is 
just necessary to effect Solution. Solutions prepared with hydrochloric 
acid generally contain the metallic oxides in the same State of oxidation 
in which they were originally present (except suboxide of mercury, since 
subchloride of mercury by protracted boiling with hydrochloric acid, 
gradually decomposcs into mercury and chloride of mercury). On the 
other hand Solutions prepared with nitric acid or aqua regia, frequently 
contain the metallic oxides in a higher State of oxidation, thus, for in- 
stance, protoxide of iron, protoxide of tin, and arsenious acid are con- 
verted into sesquioxide of iron, binoxide of tin, and arsenic acid. 

With regard to the Solution of inetals and alloys, I have to remark 
that, upon boiling them with nitric acid, white precipitates will frequently 
form, aithough neither tin nor antimony be present. Inexperienced 
students often confound such precipitates with the oxides of tnese two 
metals, aithough their appearance is quite different. These precipitates 
consist simply of nitrates sparingly soluble in the nitric acid present, but 
readily soluble in water. Consequently the analyst should ascertain 
whether these white precipitates will dissolve in water or not, before he 
■concludes that they consist of tin or antimony. 



III. Additional Remarks to the Actual Examination. 

To §§ 182—204. 

A. General Review and Explanation of the Analytical 

Course. 

a. detection of the bases. 

The Classification of the bases into groups, and the methods which 
serve to detect and isolate them individually, have been fully explained 
in Part I., Section III. The s} r stematic course of analysis, frorn § 18l> 
to § 198, is founded upon this Classification of the bases ; and as a correct 
apprehension of it is of primary importance, I will here subjoin a brief 
explanation of the grounds upon which this division rests. Respecting 
the detection of the several bases individually, I refer the Student to the 
recapitulations and remarks in §§ 88 — 135. 

The general reagents which serve to divide the bases into principal 
groups are — hydrochloric acid, hydrosulphuric acid, sulpiiide 
of ammonium, and carbonate of ammonia : this is likewise the 
order of succession in which they are applied. Sulphide of ammonium 
performs a double part. 

Lei us suppose we have in Solution the whole of the bases, together 
with arsenious and arsenic acids, and also phosphate of linie — which 
latter may serve as a type for the salts of the alkaline earths soluble in 
acids and reprecipitated unaltered by ammonia. 

Chlorine forms insoluble Compounds only with silver and mercury ; 
chloride of lead is sparingly soluble in water. The insoluble subchloride 
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of mercurjr corresponds to the suboxide of that metal. If, therefore, we 
add to our Solution : 

1. Ilydrochlorio Acidy 

we remove from it the metallic oxides of the first division of the fifth 
group, viz., the whole of the oxide of silver and the whole of the 
suboxide of mercury. From concentrated Solutions a portion of the 
lead may likewise precipitate as chloride ; this is, however, immaterial, 
as a sufiicient quantity of the lead remains in the Solution to permit the 
subsequent detection of this inetal. 

Hydrosulphuric acid completely precipitates the oxides of the fifth 
and sixth groups from Solutions containing a free mineral acid, since the 
affinity of the metallic radieals of these oxides tbr sulphur, and that of 
the hydroffen for oxygen, is sufficiently powerful to overcome the affinity 
between the metal and the oxygen, and that between the oxide and a 
strong acid, even thouqh the acid be present in excess. But 
none of the other bases are preeipitated under tliese circumstances, since 
those of the first and second groups form no sulphur Compounds insoluble 
in water, besides their sulphides cannot possibly form in acid Solutions; 
as regards those of the third group, sulphide of aluminium and sulphide 
of chromium cannot possibly oe fbrmed in the humid way ; and the 
affinity which the metallic radicnls of the oxides of the fourth group 
possess for sulphur, combined with that manifested by hydrogen for 
oxygen, is not sufficiently powerful to overcome the affinity of the metal 
ior oxygen and of the oxide for a strong acid, if the latter is pre- 
sent in excess. 

If, therefore, after the removal of the oxide of silver and suboxide of 
mercury, by means of hydrochloric acid, we add to the Solution, which 
still contains free hydrochloric acid, 

2. Hydrosulphuric Acid, 

we remove from it the remainder of the oxides of the fifth, together with 
those of the sixth group, viz., oxide of lead, oxide of mercury, 

OXIDE OF COPPER, TEROXIDE OF BISMUTH, OXIDE OF CADMIUH, 
TEROXIDE OF GOLD, BI NOXIDE OF PLATINUM, PROTOXIDE OF TIN, 
BINOXIDE OF TIN, TEROXIDE OF ANTIMONY, ARSENIOUS ACID, and 

arsenic acid. All the other oxides remain in Solution, either unal- 
tered, or reduced to a lower degree of oxidation, c.g. } sesquioxide of 
iron, chromic acid, Jcc. 

The sulphides (at least the higher sulphides) corresponding to the 
oxides of the sixth group combine with basic metallic sulphides (the 
sulphides of the alkali metals), and form with them sulphur salts soluble 
in water ; while the sulphides corresponding to the oxides of the fifth 
group do not possess this proper ty, or possess it oiily to a limited 
extent.* If, therefore, we treat the whole of the sulphides preeipitated 
by hydrosulphuric acid from an acid Solution, with — 

8. Sulphide qf Ammonium (or, in certain cases, Sulphide qf Sodium), 
with addition, if necessary, of some sulphur or yellow sulphide of am- 
monium, the sulphides of mercury, lead, copper, bismuth, and cadmium 
remain undissolved, whilst the other sulphides dissolve as double com" 

* Sulphide of mercury combines with sulphide of potasaium nnd sulphide of sodium, 
but not with sulphide of aininonium ; sulphide of copper dis3olves a little in sulphide 
of atiimonium, but not in sulphide of potassium or sulphide of sodium. 
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pounds of sulphide of oold, platinum, antimony, tix, arsexic, 
with Sulpiride of ammonium (or, as the case may be, Sulpiride of sodium), 
and precipitate again trom this Solution upon the addition of hydrochloric 
ucid, either unaltered, or in a State of higher sulphuration (they take up 
sulphur from the yellow sulphide of ammonium). The rationale of this 




jomposed by the hydrochloric acid into chloride and hydrosulph 
acid ; and the liberated sulphur acid precipitates. Sulphur precipitates 
at the same time if the sulphide of ammonium contains an excess of that 
element. The analyst must bear in mind that this eliminated sulphur 
makes the precipitated sulphides appear of a lighter color than they are 
naturally. 

The sulphides corresponding to the oxides still remaining in Solution 
are part of them — as those of the alkalies and alkaline earths — soluble in 
water ; part — as those of alumina and sesquioxido of chromium — decom- 
posed by water into hydrated oxides and hydrosulphuric acid ; part — ■ 
as those of the tburth group — insoluble in water. These latter would 
accordingly have been precipitated by hydrosulphuric acid, but for the 
free acid present. If^ therefore, this free acid is removed, i.e., if the 
Solution is made alkaline, and then treated with more hydrosulphurio 
acid, if required, or, what will answer both purposes at once, if 

4. Sulphide of Ammonium, 

is added to the Solution,* the sulphides corresponding to the oxides of 
the tburth group will precipitate : viz., the sulphides op iron, man- 
oanf.se, cobalt, nickel, and zixc. But in conjunction with them- 

HYDRATE OF ALUMINA, HYDRATED SESQUIOXIDE OF CHROMIUM, and 

Phosphate of li me are thrown down, because the affinity which the 
oxide of ammonium possesses for the acid of the salt of alumina or of 
seaquioxide of chromium, or for that which keeps the phosphate of lime 
in Solution, causes the eloments of the sulphide of ammonium to trans- 
pose with those of the water, thus giving rise to the formation of oxido 
of ammonium and of hydrosulphuric acid. The former combines with 
the acid, the latter escapes, bcing incapable of entering into combination 
with the liberated oxides or with the phosphate of lime, — the oxides and 
the lime- salt precipitate. 

There remain now in Solution only the alkaline earths and the 
alkalies. The neutral carbonates of the former are insoluble in water, 
whilst those of the latter are soluble. If, therefore, we now add 

5. Carbonate of Ammonia } 

together with a little pure ammonia, to guard against the possible for- 
mation of bicarbonates, the whole of the alkaline earths ought to pre- 
cipitate. This is, however, the case only as regards baryta, strontia, 
and lime jf of magnesia we know that, owing to its disposition to form 

* After previous neutralixation of the free acid by ammonia, to prevent unnecessary 
evolution of hydrosulphuric acid : and alter previous addition also, if necessary, of 
cliloride of ammonium to prevent the precipitation of magnesia by ammonia. 

f It has been already mentioned in § 99 tbat traces of these remain in Solution 
partly because tbeir carbonates are not absolutely insoluble in water, but prir.cipally 
because they are notably soluble in chloride of ammonium. On account of this de' 
portiuent we test the hitrate from the carbonate of ammonia precipitate with sulphate 
and Oxalate of amnionia (164). In the general explanation of the couree given in the 
text, these tiactß ot barj ta, strontia, and lime are not taken into account. 
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double Compounds with salts of aminonia, it precipitates only in part ; 
and that tbe presence of an additional salt of ainmonia will altogether 
prevent its precipitation, at least within a reasonable space of time. To 
guard against any uncertainty arisin<r from this cause, cbloride of am- 
monium is added previously to tbe addition of the carbonate of amnioria, 
tbe niixture soon after filtered, and thus tbe precipitation of the mag- 
nesia is altogether prevented. 

We bave now still in Solution maonesia and. the alkalies. Tbe 
detection of magnesia may be elfected by means of phosphate of soda 
und ammonia ; but its Separation requires a different metliod, since the 
presence of phosphoric acid would inipede the further progress of the 
analysis. Tlie process which serves to effect the removal of the mag- 
nesia is based upon the insolubility of that earth in the pure State. Tbe 
substance under examination is accordingly ignited in order to expel 
the salts of aminonia, and the magnesia is then precipitated by means of 
baryta, the alkalies, together with the newly-formed salt of baryta and 
the excess of the caustic baryta added, remaining in Solution. By the 
addition of carbonate of ammonia the Compounds of baryta are removed 
from the Solution, which now only contains the fixed alkalies, the saltof 
ammonia formed, and the excess of the salt of ammonia added. If tbe 
salts of ammonia are then removed by ignition, the residue consists of 
the fixed alkalies alone. But as carbonate of baryta is slightly soluble 
in salts of ammonia, and gives upon evaporation with chloride of am- 
monium, carbonate of ammonia and chloride of barium, it is usually 
necessary, after the expulsion of the salts of ammonia by ignition, to 
precipitate once more with carbonate of ammonia and a few drops of 
.Oxalate of ammonia, in order to obtain a Solution perfectly free from 
barjta. 

Lastly, to effect the detection of the ammonia, a fresh portion of the 
substance must of course be taken. 

b. Detection of the Acids. 

Before passing on to the examination for acids and salt-radicals, the 
analyst should first ask himself which of these substances may be ex- 
pected to be present, to judge from the nature of the detected bases and 
the class to which the substance under examination belongs with respect 
to its solubility, since this will save bim the trouble of unnecessary 
Experiments. Upon this point I refer the Student to the table in 
Appendix IV. 

The general reagents applied for the detection of tbe acids are, for 
the inorganic acids, chloride of barium and nitrate of silver, 
for the organic acids chloride of calcium and sesquichloride of 
iron. Itis therefore indispensable that the analyst should first assure 
himself whether the substance under examination contains only inorganic 
acids, or whether the presence of organic acids must also be lookedfor. 
The latter is invariably the case if tue body, when ignited, turns black, 
owing to Separation of carbon. In the examination for bases the general 
reagents serve to effect the actual Separation of the several groups of 
bases from each other; but in the examination for acids they serve 
siinply to demonstrate the presence or absence of the acids belonging 
to the different groups. 

Let us suppose we have an aqueous Solution •containing the whole 
x)f the acids, in combination with soda, for instancc. 
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Baryta forms insoluble, or diflicultly soluble, Compounds with sul- 
phuric acid, phosphoric acid, arsenious acid, arsenic acid, carbonic acid, 
silicic acid, boracic acid, chromic acid, oxalic acid, tartaric acid, and 
citric acid ; fluoride of barium also is insoluble, or at least only spa- 
ringly soluble ; all these Compounds are soluble in hydrochloric acid, 
with tue exception of sulphate of baryta. If, therefore, to a portion of 
our neutral or, if necessary, neutralized Solution, we add, 

1. Chloride of Barium, 

the formation of a precipitate will denote the presence of at least one 
of these acids. By treating the precipitate with hydrochloric acid we 
lciirn at once whether sulphuric acid is present or not, as all the salts • 
of baryta being soluble in this menstruum, with the exception of the 
sulphate, a residue left undissolved by the hydrochloric acid can consist 
only of the latter salt. Where sulphate of baryta is present, the re- 
action with chloride of barium fails to lead to the positive detection of the 
whole of the other acids enumerated ; for upon hltering the hydro- 
chloric Solution of the preeipitates and supersaturatin«* the filtrate" with 
ammonia, the borate, tartrate, citrate, etc., of baryta do not always fall 
down again, being kept in Solution by the chloride of ammoniumformed. 
For this reason chloride of barium cannot serve to effect the actual 
Separation of the whole of the acids named, and, except as regards 
sulphuric acid, we set no value upon this reagent as a means of effecting 
their individual detection. Still it is of great importance as a reagent, 
since the non-formation of a precipitate upon its application in neutral 
or alkaline Solutions proves at once the absence of so considerable a 
number of acids. 

The Compounds of silver with sulphur, chlorine, iodine, bromine, 
evanogen, ferro- and ferrieyanogen, and of the oxide of silver with 
p"hosphoric acid, arsenious acid, arsenic acid, boracic acid, chromic acid, 
silicic acid, oxalic acid, tartaric acid, and citric acid, are insoluble, or difli- 
cultly soluble in water. The whole of these Compounds are soluble in 
dilute nitric acid, with the exception of the chloride, iodide, bromide, 
Cyanide, ferroeyanide, ferrieyanide, and sulphide of silver. If, therefore, 
we add to our Solution, which, for the reason just now stated, must be 
perfectly neutral, 

i 

2. Nitrate of Silver, 

and preeipitation ensues, this shows at once the presence of one or 
6everal oi the acids enumerated : chromic acid, arsenic acid, andseveral 
others, which form colored salts with silver, may be individually reco^- 
nised with tolerable certainty by the mere color of the precipitate. By 
treating the precipitate now with nitric acid, we see whether it contains 
sulphide of silver or any of the haloid Compounds of silver, as these 
remain undissolved, whilst all the oxide salts dissolve. Nitrate of silver 
fails to effect the complete Separation of those acids which form with 
oxide of silver Compounds insoluble in water, from the same cause which 
renders the Separation of acids by chloride of barium uncertain, viz., 
the ammoniacal salt formed prevents the repreeipitation, by ammonia, 
of f^everal of the salts of silver from the acid Solution. Nitrate of silver, 
besides effecting the Separation of chlorine, iodine, bromine, cyanogen, 
&c, and indicating the presence of chromic acid, tfcc, serves, like the 
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chloride of barium, to demonstrate at once tbe absence of a great many 
acids, where it produces no precipitate in neutral Solutions. 

Tbe deportment wbicb tne Solution under examination exhibits with 
cbloride of barium and with nitrate of silver, indicates therefore at once 
tbe further course of tbe investigation. Tbus, for instance, where 
cbloride of barium bas produced a precipitate, wbilst nitrate of silver has 
failed to do so, it is not necessary to test for phosphoric acid, chromic 
acid, boracic acid, silicic acid, arsenious acid, arsenic acid, oxalic acid, 
tartaric acid. and citric acid, provided always the Solution was sufficienüy 
concentratea, and did not already contain salts of ammonia. The same 
is the case if we obtain a precipitate by nitrate of silver, but none by 
chloride of barium. 

Returning now to tbe supposition wbich we have made here, viz., 
that tbe whole of tbe acids are present in tbe Solution under examina- 
tion, tbe reactions with chloride of barium and nitrate of silver would 
accordingly have demonstrated already the presence of sulphüric 
acid, and led to the application of the special tests for chlorine, bro- 
mine, IODINE, CYANOGEN, FERROCYANOOEN, FERRICYANOGEN, and 

sulphur ;* and there would be reason to test for all the other acids 
precipitable by tbese two reagents. The detection of these acids is based 
upon the results of a series of special experiments, which have already 
been fully described and explained in the course of the present work : 
the same remark applies to the rest of the inorganic acids, accordingly 
to nitric acid and cliioric acid. 

Of the oroanic acids, oxalic acid, paratartaric acid, and tartaric acid, 
are precipitated by cbloride of calcium in the cold, in presence of chlo- 
ride of ammonium ; the two former immediately, the latter often only 
after soine time ; but the prccipitation of citrate of lime is prevented by 
the presence of salts of ammonia, and ensues only upon ebullition or 
upon inixing the Solution with alcohol ; the latter agent serves also to 
etfect the Separation of malate and succinate of lime from aqueous 
Solutions. If, therefore, we add to our fluid, — 

3. Cliloridc of Calcium in excess and Chloride of Ammonium, 

oxalic acid, paratartaric acid, and tartaric acid are precipi- 
tated, but the lime-salts of several inorganic acids, which have not yet 
been separated, phosphate of lime for instance, precipitate along with 
them. We must therefore select for the individual detection of the pre- 
cipitated organic acids such reactions only as preclude the possibility of 
confounding the organic acids with the inorganic acids that are thrown 
down along with them. For the detection ot oxalic acid we select accord- 
ingly Solution of sulphate of lime, with acetic acid (§ 145); to effectthe 
detection of the tartaric and paratartaric acids, we treat the precipitate 
produced by chloride of calcium with Solution of soda, since the lime- 
jsalts of these two acids only are soluble in this menstruum in the cold, 
but insoluble upon ebullition. 

Of the organic acids we have now still in Solution citric acid and 
malic acid, succinic acid and benzoic acid, acetic acid and formic acid. 
Citric acid, malic acid, and succinic acid precipitate upon addition 
of alcohol to the fluid filtered from the Oxalate, tartrate, &c., of lime. 
which still contains an excess of chloride of calcium. Sulphate and 

* For the Separation and special detection of these substances, I refer to § 157« 
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borate of lirae invariably precipitate along with the malate, citrate, and 
succinate of lime, if sulphuric acid and boracic acid Lappen to be present; 
tbe analyst must therefore carefully guard against confounding the lime 
precipitates of these acids with tnosc of citric acid, malic acid, and 
succinic acid. The alcohol is now removed by evaporation, and — 

4. Sesquichloride of Iron 

added to the perfectly neutral fluid. This reagent precipitates the 
benzoic acid and the rest of the succinic acid in combination with 
sesquioxide of iron, whilst formic acid and acetic acid remain in 
Solution. The methods which serve to effect the Separation of the 
several groups from each other, and the reactions on which the indi- 
vidual detection of the various acids is based, have been fully described 
and explained in the former part of this work. 

B. Special Remarks and Additions to the Systematic Course 

of Analysis. 

I will here call attention to several matters which were necessarily 
passed over in the description of the ordinary course of analysis, and I 
shall take the present opportunity of explaining how the course may be 
expandedto meetthe detection of the rare m et als. 

To § 189. 

At the commencement of § 189 the analyst is directed to mix neutral 
or acid aqueous Solutions with hydrochloric acid. This should be done 
drop by drop. If no precipitate forms, a few drops are sufficient, since 
the only object in that case is to acidify the fluid in order to prevent the 
subsequent precipitation of the metals of the iron group by hydrosul- 
phuric acid. In the case of the formation of a precipitate, some chemists 
recommend that a fresh portion of the Solution should be acidified with 
nitric acid. However, even leaving the fact out of consideration that 
nitric acid also produces precipitates in many cases — in a Solution of 
potassio-tartrate of antimony, for instance — I prefer the use of hydro- 
chloric acid, i.e., the complete precipitation by that acid of all that is 
precipi table by it, for the iollowing reasons : 1. Metals are more readily 
precipitated by hydrosuiphuric acid from Solutions acidified with hydro- 
chloric acid, than from those acidified with nitric acid ; 2. In cases 
where the Solution contains silver, suboxide of mercury, or lead, the 
further analysis is materially facilitated by the total or partial precipita- 
tion of these three metals in the form of chlorides ; and 3. This latter 
form is the best adapted for the individual detection of these three metals 
when present in the same Solution. Besides, the application of hydro- 
chloric acid saves the necessity of examining whether the mercury, 
which may be subsequently detected with the other metals of the fifth 

froup, was originally present in the form of oxide or in that of suboxide. 
'hat the lead, if present in large proportion, is obtained partly in the 
form of a chloride, and partly in the precipitate produced by hydro- 
suiphuric acid in the acid Solution, can nardly be thought an objection 
to the application of this method, as the removal of the larger portion 
of the lead from the Solution, effected at the commencement, will only 
serve to facilitate the examination for other metals of the fifth and 
sixth groups. 
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As already remnrked, a basic salt of teroxide of antimony may separate 
from potassio-tartrate of antimony, for instance, or from some other 
analogous Compound, and precipitate along with the insoluble chloride 
ofsilver and subchloride ot mercury, and the sparingly soluble chloride 
of lead. This precipitate, however, is readily soluble in the excess of 
hydrochloric acid which is subsequently added, and exercises therefore 
no influence whatever upon the further process. The applicatdon of 
heat to the fluid mixed with hydrochloric acid is neither necessary nor 
even advisable, since it might cause the conversion of a little of the 
precipitated subchloride of mercury into chloride. 

Snould bismuth, antimony, or metastannic acid be present, the addi- 
tion of the washings of the precipitate produced by hydrochloric acid to 
the first filtrate will cause turbidity. The turbidity is occasioned, in the 
case of bismuth and antimony, by the insufficiency of the free hydro- 
chloric acid present to prevent the Separation of basic salt, in the case of 
metastannic acid, by the metastannic chloride being first precipitated, 
thon redissolvin£ in the wash water, and then meeting with hydro- 
chloric acid in the filtrate. This turbidity exercises, however, no in- 
fluence upon the further process, since hydrosulphuric acid as readily 
converts these flnely divided preeipitates into sulphides as if the metab 
wer« in actual Solution. 

In the case of alkaline Solutions, the addition of hydrochloric acid 
must be continued until the fluid shows a strongly acid reaction. The 
substance which causes the alkaline reaction combines with the hydro- 
chloric acid, and the bodies originally dissolved in that alkaline sub- 
stance separate. Thus, if the alkali is present in the free State, oxideof 
zinc, for instance, or alumina, &c, may precipitate. But these oxides 
will redissolve in an excess of hydrochloric acid, whereas chloride of 
silver will not redissolve, and chloride of lead only with difficulty. If a 
metallic sulphur salt is the cause of the alkaline reaction, the sulphur 
acid, et/., tersulphide of antimony, preeipitates upon the addition of the 
hydrochloric acid, whilst the sulphur Tbase, e.g., sulphide of sodium, 
transposes with the constituents of the hydrochloric acid, forming 
chloride of sodium and hydrosulphuric acid. If an alkaline carbonate, a 
Cyanide, or the sulphide of an alkali metal is the cause of the alkaline 
reaction, carbonic acid, or hydroeyanic acid, or hydrosulphuric acid 
escapes. All these phenomena should be carefully observed by the 
analyst, since they not only indicate the presence of certain substances, 
but demonstrate also the absence of entire groups of bodies. 

Preeipitates are produoetl alsoby hydrochloric acid in Solutions containing thallium, 
alkali Halts of antimonic acid, tantalic acid, niobic acid, molybdic acid, and t'ungstic 
a^id. The antimonic, tantalic, and molybdic preeipitates dissolve (the tantalic acid 
precipitate to an opalescent fluid), whilst the chloride of Thallium, niobic acid, and 
tungstio acid do not dissolve in excess of hydrochloric acid. The latter therefore 
remain with the precipitate, which may also contain chloride of silver, subchloride of 
mercury, chloride of lead, and silicic acid. Separation of sulphur ensuing after some 
time on addition of hydrochloric acid, accompaDied by the odor of sulphurous acid in-, 
dicatea hyposulphuboüS acid. If you have cause to test for rare metals, after ex- 
hausting the precipitate with boiling water, examine the fluid for Thallium by iodide 
of potassium (confirming by the spectroscope). On exhausting again with ammonia 
to dissolve eut the chloride of silver, and treating the residue with nitric acid, the 
niobic, tungstic, and silicic aeids will remain behind. The two first may be separated 
from the latter by fusing with bisulphate of potassa, treating with water, and finally with 
diSute Solution of carbonate of ammonia. They may be separated from each other by 
treating the Solution with excess of sulphide of ammonium. 
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To §§ 190 and 191 

A iudicious distribution and economy of time is especially to be 
studied in the practice of analysis ; many of the Operations may be car- 
ried on simultaneously, which the Student may readily perceive and 
arrange for himself. For instance, after throwing the hydrosulphuric 
acid precipitate on the filter, you may test the first drops of the nltrate 
with sulphide of ammonium to see if there is any metal of that group 
present, and if this is not the case you may proceed to test with car- 
bonate of ammonia. You will thus be able, while wabhing the hydro- 
sulphuric acid precipitate, to throw down the filtrate with the proper 
group test. Again, while you are treating the first precipitate with 
sulphide of ammonium you may wash the second precipitate. 

In cases where the analyst has simply to deal with metallic oxides of 
the sixth group (e.g. 9 teroxide of antimony) and of the fourth or fifth 
group {e.g.y iron or bismuth), he need not precipitate the aciditied 
Solution with hydrosulphuric acid, but may, after neutralization, at once 
add sulphide of ammonium in excess. The sulphide of iron, <fec, will in 
that case precipitate, whilst the antimony, &c, will remain in Solution, 
from which they will, by addition of an acid, at once be thrown down as 
tersulphide of antimony, &c. This method has the advantage that the 
fluid is diluted less than is the case where Solution of hydrosulphuric acid 
is employed; and that the Operation is performed more expeditiously and 
conveniently than is the case where hydrosulphuric acid gas is conducted 
into the fluid. I must again call attention to the very constant occur- 
rence of mistakes through the use of spoilt hydrosulphuric acid water, 
through the use of an insufficient quantity of good hydrosulphuric acid 
water, or through passing the gas into a Solution containing a too large 
excess of hydrochloric or nitric acid. Imagine a very acid Solution 
containing iron and bismuth ; if you pass hydrosulphuric acid gas or 
add a few drops of the water, no precipitate will be produced ; and if in 
the idea that no metal of the hydrosulphuric acid group is present, you 
then add sulphide of ammonium, you will obtain a precipitate containing 
the sulphides of iron and bismuth ; and on treating this with dilute 
hydrochloric acid, the sulphide of bismuth will remain as a black residue 
indicating the presence of nickel or cobalt. In this case you should have 
either diluted the fluid considerably betöre passing the gas, or added a 
large quantity of hydrosulphuric acid water ; when the bismuth would 
have been precipitated in its proper place. Again, arsenic acid may be 
easily missed if the action of the hydrosulphuric acid is not supplemented 
by heat. 

If the hydrosulphuric acid precipitate is not well washed, on warming 
it with nitric acid the sulphide of mercury may dissolve from the pre- 
sence of hydrochloric acid, and on testing the action of sulphide of am* 
znonium the results will not be trustworthy. 

It happens occasionally that in treating acid Solutions with hydro- 
sulphuric acid, or in decomposing by hydrochloric acid the sulphide 
of ammonium used to effect the Solution of sulphides of the sixth group 
that may be present, precipitates are obtained which look almost like 
pure sulphur, and thus leave the analyst in doubt whether it is really 
requisite to examine them for metals. In such cases the precipitate may 
be first washed, then dried, and treated finally with Sulpiride of carbon, 
i. z 
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to remove the sulphur ; this will show whether or not a trifling quantity 
of a sulphide is mixed with the sulphur. 

The following sulphides of the rarer elements pass into the precipitate produced by 
hydrosulphuric acid in an acid Solution ; the sulphidea of palladium, rhodium, Osmium, 
ruthenium, iridium,* molybdenum, tellurium, selenium, and poasibly of thallium. f 

The following rare Compounds cause Separation of sulphur, by decomposing the 
hydrosulphuric acid ; the higher oxides and Chlorides of manganese and cobalt, vanadic 
acid (with blue coloration of the fluid), nitrous acid, sulphurous acid, hyposalphurous 
acid, hypcchlorouB and chlorous acids, bromic acid, and iodtc acid. 

On treating the precipitate with sulphide of ammonium (sulphide of sodiam), the 
sulphides of iridium, molybdenum, tellurium, and selenium dissolve, whilat the sulphidef 
of palladium, rhodium, osmium, and ruthenium, and of thallium, remain undiseolved. 

To § 192. 

If a precipitate containing all the sulphides of the sixth group, precipitable by hy- 
drosulphuric acid, from acid Solution, (of tin, antimony, arsenic, tellurium, selenium, 
molybdenum, gold, platinura, and iridium) is fused, according to § 192, with carbonate 
and nitrate of soda, and the fused mass treated with cold water, the TBLLUBIO acid, 
sblenic acid, and molybdio acid dissolve with the arsenic acid, whilst the ntlDIDX 
is left undiseolved with the binoxide of tin, antimonate of soda, gold, and platinum. 

For the way of detecting the rare elements in the Solution and in the precipitate, 
see § 135. 

To § 193. 

Besides the methods described in the System atic course, to separate 
cadmium, copper, lead, and bismuth, the following process will also be 
found to give highly satisfactory results. Add carbonate of soda to the 
nitric acid Solution as long as a precipitate continues to form, then Solu- 
tion of Cyanide of potassium in excess, and heat gently. This effects the 
complete Separation of lead and bismuth in the form of carbonates, whilst 
copper and cadmium are obtained in Solution in the form of Cyanide of 
copper and potassium, and Cyanide of cadmium and potassium. Lead 
ana bismuth may now be readily separated from one another by means 
of sulphuric acid. The Separation of the copper from the cadfmium is 
effected by adding to the Solution of the cyanides of these two metals in 
Cyanide of potassium, hydrosulphuric acid in excess, gently heating, and 
then adding some more Cyanide of potassium, in order to redissolve the 
sulphide of copper which may have precipitated along with the sulphide 
of cadmium. A residuary yellow precipitate (sulphide of cadmium), 
insoluble in the Cyanide of potassium, demonstrates the presence of cad- 
mium. Filter the fluid from this precipitate, and add hydrochloric acid 
to the flltrate, when the formation of a black precipitate (sulphide of 
copper) will demonstrate the presence of copper. 

Where there is reason to suppose that the precipitate containing the sulphides of the 
fifth group contains also the sulphides of palladium, rhodium, osmium, ruthenium, or 
thallium, first test a portion in the spectroscope for thallium, and then proceed as foUowi: 

Fuse the precipitate with hydrate of potassa and chlorate of potassa, heat, ultimately 

* The metals of the platinum ores are precipitated with difficulty by hydrosulphuric 
acid. To attain the end in view, hydrosulphuric acid gas mußt be perseveringly oon* 
ducted into the fluid, and heat applied at the same time. 

t Tungsten and vanadium are not found in the precipitate thrown down from an 
acid Solution by hydrosulphuric acid. They can be present only where the fluid Las 
first been mixed with sulphide of ammonium, then with acid in excess ; bat in that 
case the sulphides of nickel and cobalt will also be found with those of the fifth and 
sixth groups. Thallium, although it is not precipitated from acid Solutions by hydro- 
sulphuric acid ander ordinary circumstanoes, may be thrown down in oombination with 
sulphide of arsenic 
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to redness, let cool, then treat tbe mass with water. The Solution contains osmate 
and ruthenate of potassa, which latter imparte a deep yellow color to it. If the fluid 
ia cautiously neutralized with nitric acid, black sesquioxide of Ruthenium separates ; 
if more nitric acid ia added to the filtrate, and the fluid then distilled, osmio aoid passes 
over. If the residue left upon the extraction of the fused mass with water is gently 
ignited in hydrogen gas,* then cautiously treated with dilute nitric acid, the copper, 
lead, &c, are dissolved, whilst the rhodium and palladium are left undissolved. The 
Palladium may then be dissolved out of the residue by means of aqua regia» leaving 
the bhodiüM undissolved. For the further examination of the isolated metals, I refer 
to § 124. A separate portion of the precipitate of the sulphides must be examined for 
mercury, in the event of the above prooess being adopted. 

To § 194. 

Assuming all elements not yet precipitated to be present in the fluid filtered from 
ihe precipitate produced in an acid Solution by hydrosulphuric acid, the precipitate 
produced by addition of chloride of animonium to this filtrate, neutralization with 
ammonia, and addition of sulphide of ammooium in excess, will contain the following 
elements : 

a. In the form of sulphides : cobalt, nickel, manganese, iron, zinc, uranium, thal- 
liuin, indium ; 

b. In the form of oxides : aluminium, beryliium, thorium, zirconiura, yttrium, 
erbiam, cerium, lanthanium, didymium, chromium, titanium, tantalum, niobium.t, 

Where there is reason to suspect the presence of some of the rare elements in the 
precipitate, the following method may be recommended as the most aui table in many 
cases : 

1. Dry the greater part of the washed precipitate, ignite in a poroelain oruoible, 
then fuse perseveringly in a platinum crucible with acid sulphate of potassa ; let the 
fused mass cool, eoak in cold water, and d igest for some time without application of 
heat. Filter the Solution from the residue. 

The residue, which contains the acids of tantalum and niobium, and may contain 
Also silicic acid and a little undissolved sesquioxide of iron and sesquioxide of chro- 
mium, gives, on fusion with hydrate of soda, and some nitrate of soda, a mass out of 
which dilute Solution of soda will dissolve Chromate and Silicate of potassa, leaving 
undissolved, with the sesquioxide of iron, tantalate and niobate of soda (being in- 
soluble in Solution of soda). After removing the excess of soda, treat repeatedly with 
a very dilute Solution of carbonate of soda, in which the niobate of soda dissolves 
much mope readily than the tantalate. For the further examination compare § 104, 
10 and 11. 

Treat the Solution, which contains all the other bases, &c, of the third and fourth 
groups, with hydrosulphuric acid, to reduce the sesquioxide of iron, dilute considerably, 
heat to boiling, and keep boiling for some time, whilst conducting carbonio acid into 
the fluid. If a precipitate is formed, examine this for Titanic aoid ; it may possibly 
contain also a little zirconia. 

Conoen träte the filtrate by evaporation, with addition of some nitric acid ; precipi- 
tate with ammonia, filter, and wash ; redissolve the washed precipitate in hvdrochlorio 
acid, and precipitate again with ammonia. This will give alraost the whole of the 
jeing, manganese, nickel, and cobalt in Solution, whilst the earthB are left undis- 
solved with the oxides of iron, indium, uranium, and chromium. Redissolve the pre- 
cipitate in hydroohloric acid, and add conctntrattd Solution of potassa, without apply- 
ing heat. This will leave in Solution the sesquioxide of chromium, the alumina, and 
tbe berylla whilst procipitating the other earths with the oxides of iron, indium, and 
uranium. Dilute the alkaline Solution, and boil some time; this will throw down 
the berylla, and the sesquioxide of chromium, leaving the alumina in Solution. The 
• latter earth may then be precipitated by chloride of ammonium. Fuse the precipitate 
of berylla and sesquioxide of chromium with carbonate of soda and cblorate of potassa, 
and separate the berylla from the chromio acid in the same way in which the Sepa- 
ration of alumina from chromic acid is effected (§ 103). 

Tbe precipitate, which contains the oxides of iron, indium, and uranium, and the earths 
insoluble in potassa, may also contain oxide of chromium, and under certain circum- 
stances, e.g., in presence of y ttria and sesquioxide of cerium, also alumina and berylla. 

* Cadmium may escape in this Operation, 
f Of niobic acid only the trifling traoes redissolved on tbe precipitation by 
hydrochloric acid can be present her©. 

z 2 
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Dissolve it in hydrochloric acid, remove an over-large excess of the »cid by evapora* 
tion, dilute, add carbonate of baryta, and let the mixture stand from four to six hourt 
in the cold. 

The precipitate produced containa the bkbquioxide or iron, oxidk OF nroiüM, and 
possibly alumina, sesquioxide of chromium, and SXSQUIOXLDB OF URANlUM. Separate 
the latter in a portion of the precipitate by redissolving in hydrochloric acid, and add- 
ing excess of bicarbonate of soda. Test another portion in the spectroscope for INDIUM, 
and another by fusing with carbonate of soda and chlorate of potassa for chrömiükl 

To the filtr»te from the carbonate of baryta precipitate, first add sulphuric acid to- 
remove baryta,fi Iter, concentrate strongly by evaporation, neutralize exactly with potassa 
(leaving the reaction rather acid than alkaline), add neutral wlphate of potaua in 
crystals, boil, and let the fluid stand twelve hours. Then filter, and wash with a Solu- 
tion of neutral sulphate of potassa. The filtrate contains that portion of the berylla 
which may have escaped Solution by potassa, also yttria and oxide of erbium. These 
substances are precipitated by ammonia, and may then easiiy be separated by treating 
with a concentrated warm Solution of oxmlic acid, in which the brrylla is soluble, 
whilst the Oxalates of yttria, and of oxidk of krbium, are left undissolved. Now 
boil the precipitate of the double sulphates repeatedly in water, with addition of 
some hydrochloric acid, which will dissolve the thoria and the oxidfs of ceriüm, 
leaving the sulphate of zirconia and potassa nndissolved. The thoria and the oxides 
of cerium may then be precipitated from the Solution by ammonia, and tested by the 
reactions desrcibed in § 104. 

2. Test a portion of the remainder of the precipitate in the spectroscope for Thal- 
lium (and also indium). To be more sure about thallium, dissolve a portion of the pre- 
cipitate in boiling dilute hydrochloric acid, treat with sulphurous acid tili sesquioxide 
of iron is reduced, nearly neutralize with ammonia, and then test with iodide of potas- 
sium. The precipitate must, under all circumstances, be further examined in the 
spectroscope. 

To §§ 195—198. 

The fluid filtered from the precipitate produced by sulphide of ammonium may not 
only contain the alkaline earths and the alkalies, but some nicket, and also vanadic 
acid and that portion of the tungstic acid which has been left unprecipitated by hydro- 
chloric acid. The nickel, the vanadic acid, and the tungstic acid, are present as sul- 
phides dissolved iu the excess of snlphide of ammonium ; they are thrown down in that 
form by just acidifying the fluid wim hydrochloric acid. Filter the precipitate, wasn, 
dry, fuse with carbonate of soda and ni träte of potassa, and treat the fused mass with 
water ; this will dissolve the vanadate and tungstate of potassa, leaving the protoxide 
of nickel undissolved. From this Solution the vanadic acid may be separated by means 
of solid chloride of ammonium, tho tungstic acid by evaporating with hydrochloric acid 
and treating the residue with water. The two acids may then be examined aa directed 
§113, d, and §135, c. 

For the detection of lithium, ca?eium, and rubidium, I refer to the analysis of mineral 
waters (259 and 260) 

To § 208. 

If the rare elements are taken into account, the number of bodies which may re* 
main undissolved on treating a substance with water, hydrochloric acid, nitric acid, 
and aqua regia, is much enlarged. The following bodies, more e^pecially, are either 
generally, or in the ignited State, or in certain combinations, in so 1 üble or slowly and 
sparingly so 1 üble in acids : 

Berylla, thoria, and zirconia, sesquioxide of cerium, titanic acid, tantalio acid, niobic 
acid, molybdic acid, tungstic acid, rhodium, iridium, osmio-iridium, rutbenium. 

When you have, in the systematic coui-se of analysis, arrived at 208» fu** ^ e 
substance, free from silver, lead, and sulphur, with carbonate of soda, and some nitrate 
of potassa, extract the fused mass repeatedly with hot water, and, if a residue is left, 
fuse this some time, in a silver crucible, with hydrate of potassa and nitrate of potassa, 
and again treat the fused mass repeatedly with water. The alkaline Solutions, which 
may be examined separately or together, may contain berylla, a portion of the titanic 
acid, tantalio acid, niobic acid, molybdic acid, tungstic acid, osmic and ruthenic acids, 
and a portion of the iridium. 

Jf the residue left undissolved by the preceding Operation is fused with add sulphate 
of potassa, and the fused mass treated with water, the thoria, zirconia, and sesquioxide 
of cerium, the remainder of the titanic acid and the rhodium will dissolve. A resi- 
due left by this Operation may conuist of platinum ore metals, and had best be mixed 
with chloride of sodium, and ignited in a streara of chlorine. 
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With respect to tbe Separation and detection of tbe several elements that bave 
passed into the different Solutions, the requisite directions and Instructions bave beeil 
given in the tbird section of Part I., and in tbe additional remarks to §j 189-198. 

To § 204. 

Tbe analysis of cyanogen Compounds is not very easy in certain cases, 
and it is sometimes a dimcult task even to ascertain whether we have 
really a Cyanide before us or not. However, if tbe reactions of tbe sub- 
ßtance upon ignition (8) be carefully observed, and also whether upon 
boiling with hydrochloric acid any odor of hydrocyanic acid is emitted 
(35), tbe presence or absence of a Cyanide will generally not remain a 
matter of doubt. 

It must above all be borne in mind that the insoluble cyanogen Com- 
pounds occurrinff in pharmacy, &c. y belong to two distinct classes, 
viz., they are eitner simple cyanides, or Compounds op metals 
with ferrocyanogen or some other analogous Compound radical. 

All the simple cyanides are decomposed by boiling with concentrated 
hydrochloric acid into metallic chlorides and hydrocyanic acid. Their 
analysis is therefore never difficult. But the ferrocyanides, &c, to 
which indeed the method described § 204 more exclusively refers, suffer 
by acids such complicated decompositions that their analysis by means 
of acids is a task not so easily accomplished. Their decomposition by 
potassa or soda is far more simple. The alkali yields its oxygen to the 
inetal combined with the ferrocyanogen, &c, the oxide thus formed 
precipitates, and the reduced potassium or sodium forms with the 
iiberated radical soluble ferrocyanide, &c, of potassium or sodium. 
But several oxides are soluble in an excess of potassa, as, e.g., oxide of 
lead, oxide of zinc, &c. If, therefore, the double ferrocyanide of zinc 
und potassium, for instance, is boiled with Solution of caustic potassa, it 
dissolves completely, and we may assume that the Solution contains 
ferrocyanide of potassium and oxide of zinc dissolved in potassa. Were 
we to add an acid to this Solution, we should of course simple re-obtain 
the original precipitate of the double ferrocyanide of zinc and potassium, 
and the experiment would consequently be of no avail. To prevent this 
failure, we conduct hydrosulphuric acid into the Solution in potassa. 
but only until the precipitable oxides are completely thrown down, and 
not until the Solution smells of sulphuretted hydrogen. This serves to 
convert into sulphides all the heavy metals which tne potassa holds in 
Solution as oxides. Those sulphides which are insoluble in potassa, such 
as sulphide of lead, sulphide of zinc, &c, precipitate, whilst those which 
are soluble in alkaline sulphides, such as oisulphide of tin, tersulphide 
of antimony, &c, remain in Solution. To effect the detection of tbese 
also, the fluid is now acidified and, if necessary, more hydrosulphuric 
acid conducted into it. 

In the filtrate from the oxides and sulphides we have still those 
metals which form Compound radicals with cyanogen, and also alumina, 
which has dissolved in the original treatment with potash, and would 
not have been separated. Finally also the other acids must be tested 
for here. It is therefore directecf to divide the Solution into two parts, 
and to test one for acids, the other for alumina and those metals which 
form Compound radicals with cyanogen. The prescribed heating of this 
.ßecond part with concentrated sulphuric acid has the effect of decompos- 
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ing the cyanoffen Compounds, and Converting the metals into sulphates 
which reinain behind (H. Rose*). 

Ifyou simply wish to examine for bases in simple or Compound 
cyanides, and for that purpose to destroy the cyanogen Compound, it 
will suffice to lieat tlie powdered substance in a platinum dish with con- 
centrated sulphuric arid diluted with a little water, tili almost all the 
free acid is driven off. The residue will consist of sulphates which are 
to be dissolved in hydrochloric acid and water. 

The reason why ferrocyanides and similar Compounds which have 
been fully washed with water, require to be tested for alkalies is 
because alkaline ferrocyanides, &c, are often precipitated along with 
insoluble ferrocyanides, See, and cannot be removed oy washing. 

* Zeitachr. f. anal. Chem. 1, 194. 
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i. 

ÜEPORTMENT OF THE MOST IMPORTANT MEDICINAL ALKALOIDS 

with Reagents, and Systematic Method OP EFFECTINO 

THEIR DETECTION. 

§ 220. 

The detection and Separation of the alkaloids is far more difficult than 
the detection and Separation of the inorganic bases. In many cases the 
combinations in which an alkaloid can be separated from others are not 
sufficiently insoluble to allow of an actual Separation, in other cases we 
only know the outward appearance of a reaction and not its cause, and 
are consequently ignorant of the conditions which may modity its action j 
again, many alkaloids may be said to have no characteristic reaction 
whatever. 

However, in the following pages the subject will be treated as 
thoroughly as our knowledge will allow, the more commonly occurring 
alkaloids oeing included, viz., nicotine, conine, morphine, narcotine, 
quinine, cinchonine, strychnine, brucine, veratrine, and atropine. 

This appendix will be divided into the following sections : 

A. General reagents for the alkaloids. 

B. Properties and reactions of the individual alkaloids, arranged in 
groups. (In this section certain non-nitrogenous bodies are included 
whicn are allied to the alkaloids as poisons or are employed in their 
adulteration, namely, salicine, digitaline, and Picrotoxine.) 

C. Systematic course for the detection of an alkaloid wiien only one 
is present. 

D. Systematic course for the detection of alkaloids when several 
may be present. 

E. Detection of alkaloids in the presence of other organic substances. 

A. General Reagents for the Alkaloids. 

§230. 

By general reagents for the alkaloids I mean reagents by which they 
are all or nearly all precipitated. These are well suited to test 
generally for the presence of an alkaloid in a fluid, and may serve to 
separate alkaloids from their Solutions, but they can not be employed to 
distinguish individual alkaloids except in a subordinate degree. 

These reagents are as follows : bichloride of platinuin, a Solution of 
iodine in iodide of potassium (Wagner*), double iodide of mercury and 
potassium (v. Planta^, double iodide of cadmium and potussium 

* Zeitochr. f. aoaL Cbem. 4, 387. 
t Hk Verhalten der wichtigsten. Aiktdo'ide gegeo Beagentieo, Hekielberg, 1846. 
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(Marme*), double iodide of bismuth and potassium (DRAGENDORFFf), 
phosphomolybdic acid (de Vrij, Sonnenschein!), phospboanti- 
monic acid (Fr. Schulze§), metatungstic acid (Scheibler||), picric 
acid (H. HagerIF). 

Bichlohide of platinum forma with the hydrochlorates of the 
alkaloids Compounds analogous to the ainmonio-bichloride of platinum. 
Some of these Compounds are difficultly soluble in water, some are 
ratber easily soluble. Tbey are best obtained and most completely 
separated by mixing tbe Solutions with a suilicient quantity of bichloride 
of platinum, evaporating 1 nearly to dryness and treating with alcohol. 
They have a yellow color of various shades, some are crystalline, some 
flocculent, and in general they are more soluble in hydrochloric acid 
than in water. 

A Solution of iodine in iodide of potassium (containing 127 
grm. free iodine in 1 litre) precipitates the Solutions of the salts of all the 
alkaloids. The precipitates are brown and flocculent. The formation and 
Separation is assisted oy acidifying with sulphuric acid. By washing the 
precipitate, dissolving it in Solution of sulphurous acid and evaporating 
on the water-bath to remove the excess of sulphurous acid and the 
hydriodic acid, the alkaloid will remain in combination with sulphuric 
acid. Jf the precipitate was separated from a fluid containing a 
quantity of other organic substances, before proceeding as just stated, 
aissolve it in a dilute Solution of hyposulphite of soda, filter, and re- 
precipitate with iodine Solution.** 

Iodide of mercury and potassium precipitates the Solutions of 
the salts of all the alkaloids. The precipitates are white or yellowish 
white, insoluble in water and dilute hydrochloric acid. 

Iodide of cadmiüm and poTASSiUMft precipitates the Solutions 
of salts of the alkaloids after acidification with sulphuric acid, evei 
when very dilute. The precipitates are at first all flocculent and white, 
some of tnem soon become crystalline. They are insoluble in ether, 
readily soluble in alcohol, less soluble in water, readily soluble in 
excess of the precipitant. They have a tendency to decompose by long 
Standing. The alkaloids may be obtained from the undecomposed pre- 
cipitates by mixing with an alkaline carbonate or hydrate and water, 
and shaking with benzol, amylic alcohol, ether, or the like. 

Iodide of bismuth and potassiumU added drop by drop to 

* Zeitschr. f. anal. Chem. 6, 123. t Ib. 5, 406. 

t Ann. d. Chem. u. Pharm. 104, 47. § 76. 109, 179. 

|| Journ. f. pr.kt Chem. 80, 211. J[ Piarra. Centraihalle. lOr Jahrg., 131. 

** By dissolving the brownish-red precipitate produced by mixing the iodine Solu- 
tion with a aalt of strychnine in alcohol containing sulphuric acid and evaporating, 
prismatic crystals of strong polarizing power will be obtained (de Vrij and van der 
Büro, Jahresber. von Liebig u. Kopp, 1857, 602). Until the optical properties of tbe 
analogous Compounds of the other alkaloids shall have been ezamined we are unable to 
State whether this reaction is characteristic or not. 

ff Prepared by saturating a boihng ooncentrated Solution of iodide of potassium 
with iodide of cadmium, and adding an equal volume of cold saturated Solution of 
iodide of potassium. The concentrated Solution keeps well, but not the dilute. 

tt Prepared as follows : — Heat32 parte of sulphideof bismuth in a combustion-tube 
sealed at one end with 41*5 parts of iodine, collect the iodide of bismuth in a receiver, 
purify it by resublimation, heat it with Solution of iodide of potassium; filter bot, and 
add to the Solution an equal volume of a cold saturated Solution of iodide of potassium. 
The concentrated Solution keeps well, but not the dilute. On mixing 10 o.e. water 
with 5 drops of concentrated sulphuric acid and adding 1 or 2 drops of the reagent, no 
turbidity sbould ooeur. 
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Solutions of salts of the alkaloids acidified with sulphuric acid (10 c.c. of 
the alkaloid Solution and five drops of concentratea sulphuric acid) pro- 
duces almost immediately flocculent orange precipitates, in the case of 
nicotine, conine, morphine, narcotine, quinine, cinchonine, strychnine, 
brucine, atropine, and most other alkaloids; veratrine, on the other 
hand, gives only a faint turbidity. The precipitates formed with the 
first-named alkaloids agglutinate together to some extent when heated, 
they dissolve by long continued boiling, and separate again for the most 
part on cooling. None of the precipitates are crystallina The alkaloids 
may be separated from the precipitates as given under the previous re- 
agent. 

Phosphomolybdic acid* is precipitated by the Solutions of all 
alkaloids, even when their quantity is very minute. The precipitates 
are lteht yellow, ochreous or brownish yellow, insoluble or difhculüy 
soluble at the ordinary temperature in water, alcohol, ether, and dilute 
mineral acids, with the exception of phosphoric acid ; they are most 
insoluble in dilute nitric acid, especially when it contains some of the 
reagent ; acetic acid also is almost without action in the cold, but in 
the heat it has a solvent action. The precipitates dissolve in the hydrates 
and carbonates of the alkalies, generally with ease and with Separation 
of the alkaloids. The latter may be removed by shaking with ether, 
amylic alcohol, benzol, or the like. 

Phosphoantimonic acid, obtained by dropping perchloride of 
antimony into aqucous phosphoric acid, also precipitates ammonia and 
most of the alkaloids (not caffeine). The reactions are delicate, but 
they are generally less delicate than with the last reagent, especially in 
the case of nicotine and conine ; this reagent is more delicate in one 
Single instance, namely for atropine. The precipitates are usually 
flocculent and whitish, the brucine precipitate is rose-colored. On heat- 
ing it dissolves, on cooling it separates again from the fluid which 
remains colored intensely carmine. 

Metatungstic ACiDf precipitates the Solutions of all the alkaloids. 
The precipitates are white and flocculent. The delicacy of the reactions 
is extreme. Acid Solutions containing only one part of quinine or 
strychnine in 200,000, are rendered distinctly turbid, and deposit 
minute tiocks in 24 hours. 

Picric acid precipitates almost all the alkaloids, even from Solutions 
containing a large excess of sulphuric acid. The precipitates are yellow, 
and insoluble in excess of the precipitant ; they are usually formed even 
in very dilute Solutions. Morphine and atropine (pure) are only 
thrown down from neutral and concentrated Solutions ; the precipitates 
disappcar on dilution (caffeine and pseudomorphine are not precipitated, 
likewise the glycosides). 

* Prepared aa follows : — Precipitate the nitric acid Solution of molybdate of 
ammonia with phosphate of soda, wash the precipitate well, suspend it in water, and 
warm with addition of carbonate of soda, to complete Solution. Evaporate to dryness, 
ignite the residue, and if reduction has taken place, moisten with nitric acid and ignite 
again. Warm with water, and dissolve by adding nitric acid in consiJerable excess. 
Oue part of the residue should make 10 parte of Solution. The Solution must be pro« 
tected from ammoniacal fnmes. 

f Instead of the pure acid you may u*e a metatungstate acidified with mineral 
acid, or ev«n ordinary tungstate of soda, with addition of phosphoric acid. Phosphoric 
acid, when added to an ordinary soluble tungstate, remores part of the base, and so 
produces a metatungstate. 



846 NICOTINE. [§ 231. 

B. PrOPERTIES AND REACTIONS OF THE INDIVIDUAL AlKALOJDS, 

I. VOLATILE ALKALOIDS. 

The volatile alkaloids are fluid at the common temperature, and may 
be volatilized in the pure State as well as when mixed with water. They 
are accordingly obtained in the distillate when their salts are distilled 
with strong fixed bases and water. Their vapors, when brought in con- 
tact with tnose of volatile acids, form a white cloud. 

1. Nicotina, or Nicotine (C^E^NJ. 

§ 281. 

1. Nicotina occurs in the leaves and seed of tobacco. In its pure 
State, it forms a colorless, oily liquid, of 1*048 sp. gr. ; the action of air 
imparts a yellowish or brownish tint to it. It boils at 250°, suffering, 
however, partial decomposition in the process ; but, when heated in a 
stream of nydrogen gas, it distils over unaltered, between 100° and 200°. 
It dissolves with ease in water, alcohol, and ether. 

Nicotina has a peculiar, disagreeable, somewhat ethereal tobacco- 
like odor. On heatmg it gives off a very powerful odor of tobacco. It 
has an acrid, pungent taste, and very poisonous properties. Dropped 
on paper, it makes a transparent stain, which slowly disappears ; it turns 
turmeric-paper brown, and litmus- paper blue. Concentrated aqueous 
Solution of nicotina shows these reactions more distinctly than the alka- 
loid in the pure State. 

2. Nicotina has the character of apretty strong base; it precipitates 
metallic oxides from their Solutions, and forms salts with acids. The 
salts of nicotina are non- volatile, freely soluble in water and alcohol, 
insoluble in ether and amylic alcohol ; they are inodorous, but taste 
strongly of tobacco; partofthem are crystallizable. Their Solutions, 
when aistilled with Solution of potassa, give a distillate containing 
nicotina. By neutralizing this with oxalic acid, and evaporating, Oxa- 
late of nicotina is produced, which may be freed from any admixture of 
Oxalate of ammonia, by meaus of spirit of wine, in which the former 
salt is soluble, the latter insoluble. 

8. If an aqueous Solution of nicotina, or a Solution of a salt of nico- 
tina mixed with Solution of soda or potassa, is shaken with ether } the 
nicotina is dissolved by the ether ; if the latter is then allowed to evapo- 
rate on a watch-glass at 20° or 80°, the nicotina remains behind in drops 
and streaks ; on warming the watch-glass, it volatilizes in white fumes 
of strong odor. 

4. Bichloride qfplatinum produces in aqueous Solutions of nicotina or 
its salts whitish-yellow flocculent precipitates. On heating the fluid 
containing the precipitate, the lutter dissolves, but upon continued 
application of heat it very spcedily separates again in form of an 
orange-yellow, cry stalline, heavy powder, which, under the microscope, 
appears to be composed of roundish crystalline grains. If a rather 
diiute Solution of nicotina, supersaturated with hydrochloric acid, is 
mixed with bichloride of platinum, the fluid at first remains clear ; after 
some time, however, the double salt separates in small crystals (oblique, 
four-sided prisms), clearly discernible with the naked eye. 
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5. Terchloride of gold added in excess to aqueous Solutions of the 
alkaloid or its salts produces a reddish-yellow flocculent precipitate, 
sparingly soluble in hydrochloric acid. 

6. Solution of iodine in iodide of potassium and water, when added in 
small quantity to an aqueous Solution of nicotina, produces a yellow 
precipitate, which after a time disappears. Upon further addition of 
iodine Solution, a copious kermes-colored precipitate separates ; but this 
also disappears again after a time. Solutions of the salts are precipi- 
tated witü a kermes-brown color. 

7. Solution of tannic acid produces in aqueous Solution of nicotina, 
a copious white precipitate, which redissolves upon addition of hydro- 
chloric acid. 

8. If an aqueous Solution of nicotina is added to excess of Solution 
of Chloride of mercury, an abundant, ilocculent, white precipitate is 
formed. If Solution of chloride of ammonium is now added to the mix- 
ture in sumcient quantity, the entire precipitate, or the greater part of 
it, redissolves. But the fluid very soon turns turbid, and deposits a 
heavy white precipitate. 

2. CONIA, OR CONINE (C 16 H U N). 

§232. 

1. Conia occurs in the leaves, seed, and flowers of the spotted hem- 
lock. It forms a colorless oily liquid, of '88 sp. gr. ; the action of the 
air imparts to it a brown tint. In the pure State it boils at 168° ; when 
heatea in a stream of hydrogen gas, it distils over unaltered ; but when 
distilled in vessels containing air, it turns brown and suffers partial de- 
composition ; with aqueous vapors it distils over freely. It dissolves 
sparingly in water, 100 parts of water of the common temperature dissolv- 
ing 1 part of conia. Ihe Solution turns turbid on warming, clcar a<rain 
on cooling. Conia is miscible in all proportions with alcohol and ether. 
The aqueous and alcoholic Solutions manifest strong alkaline reaction. 
Conia has a very strong, pungent, repulsive odor, which affects the 
head, a most acrid and disagreeable taste, and very poisonous properties. 

2. Conia is a strong base ; it accordingly precipitates metailic oxides 
from their Solutions, in a similar way to ammonia, and forms salts with 
acids. The salts of conia are soluble in water and in spirits of wine, 
ether also dissolves several of them (e.g. the sulphate) to some extent. 
Hydrochlorate of conia crystallizes readüy ; the smallest ouantity of this 
base, brought in contact with a trace of hydrochloric acid yields almost 
immediately a corresponding quantity of non-deliquescent rhombio 
crystals (Th. Wertheim). The sulphate doesnot crytallizo excepton 
very long Standing.* The Solutions of the salts turn brownish upon 
evaporation, with partial decomposition of the conia. The dry salts do 
not smell of the alkaloid ; when moistened, they smell only fcebly of it ; 
but upon addition of Solution of soda, they at once emit a strong odor. 
When salts of conia are distilled with Solution of soda, tho dintillate 
contains conia. On neutralizing this with oxalic acid, evuporatiug to 
dryness, and treating the residue with spirit of wine, tho Oxalate of 
conia is dissolved, whilst any Oxalate of ammonia that may bo present 

• Zeittohr. f. «n*l. Cham. 1, 897. 
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is left undissolved. As conia is only sparingly soluble in water, and 
dissolves with still greater difficulty in Solution of alkalies, a concentrated 
Solution of a salt of conia turns milky upon addition of Solution of soda. 
The minute drops which separate unite gradually, and collect on the 
surface. 

3. If an aqueous Solution of a salt of conia is shaken with Solution of 
soda and et her, the conia is dissolved by the ether. If the latter is then 
allowed to evaporate on a watch-glass at 20° or 30°, the conia is left 
in yellowish-colored oily drops. 

4. Tcrchloride of gold produces in Solutions of the. alkaloid or its 
salts a yellowish-white precipitate, insoluble in hydrochloric acid. 
Chloride of mercury gives with conia, a copious white precipitate, soluble 
in hydrochloric acid. Bichloride of platinum does not precipitate rather 
dilute aqueous Solutions of salts of conia, the conia Compound corre- 
sponding to ammonio-bichloride of platinum being insoluble in spirits of 
wine and ether, but tolerably soluble in water. The double salt also 
dissolves by boiling with alcohol ; it separates in the amorphous form 
on cooling. 

5. To Solution of iodine in iodide ofpotassium and water, and to Solu- 
tion of tannic acid, conia comports itself like nicotina. 

6. Chlorine water produces in a mixture of water and conia a strong, 
white turbidity. 

The volatile alkaloids are most easily recognised when pure ; the 
great object of the analyst must accordingly be to obtain them in that 
State. The way of etfecting this is the same for nicotina as for conia, 
and has already been given in the foregoing paragraphs, viz., to distil 
with addition of Solution of soda, neutralize with oxalic acid, evaporate, 
.dissolve in alcohol, evaporate the Solution, treat the residue with water, 
add Solution of soda, shake the mixture with ether, and let the latter 
evaporate spontaneously. Conia is distinguished from nicotina chiefly 
by its odor, its sparing solubility in water, and its behavior with chlo- 
rme water. 

II. NON -VOLATILE ALKALOIDS. 

The non-volatile alkaloids are solid, and cannot be distilled over 
with water. 

first group. 

non-volatile alkaloids which are precipitated by p0tas8a 
or Soda from the Solutions of their Salts, and rbdis- 
solve readily in an excess of the precipitant. 

Of the alkaloids of which I purpose to treat here, one only belongs 
to this group, viz., 

+ 
Morphia, or Morphine (C u H w NO # = Mo). 

§233. 

1. Morphine occurs with the alkaloids, codeine, thebaine, papaverine, 
narcotine, and narceine, and with meconic acid and meconine, in opium, 
the dried milky juice of the green capsules of the poppy (papaver som- 
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niferum). Crystallized raorphia (Mo +2 aq.) usually appears in the 
form of colorless, brilliant rhombic prisms, or, when obtained by preci- 
pitation, as a white crystalline powder. It has a bitter taste, and dis- 
solves very sparingly in cold, out somewhat more readily in boiling 
water. Of cold alcohol it requires about 90 parte by weight for Solution ; 
of boiling alcohol from 20 to 30 parts. The Solutions of morphia in 
alcohol as well as in hot water manifest distinctly alkaline reaction. 
Morphine is nearly insoluble in ether, especially when crystallized, it 
dissolvesin hot amylic alcohol, it is insoluble in benzole (Rodgers), and 
very difficultly soluble in Chloroform (Pettenkofer). Crystallized 
morphia loses both equivalents of water, at a moderate heat. Morphia 
may be sublimed unaltered by very cautious heating.* 

2. Morphia neutralizes acids completely, and forms with them the 
salts of morphia. These salts are readily soluble in water and 
spirit of wine, insoluble in ether and amylic alcohol ; their taste is dis- 
agreeably bitter. Most of them are crystallizable. 

3. Potassa and ammonia precipitate from the Solutions of salts of 

morphia — generally only after some time — Mo + 2 aq., in the form of a 
white crystallina powder. Stirring and friction on the sides of the 
vessel promote the Separation of the precipitate, which redissolves with 
great readiness in an excess of potassa, but more sparingly in ammonia« 
It dissolves also in chloride of ammonium and, tliough with difficulty 
only, in carbonate of ammonia. On shaking a Solution of morphia in 
potassa or soda with ether, very little of the alkaloid passes into the 
ether ; on shaking with warm amylic alcohol, however, the whole of 
the alkaloid passes into the latter. 

4. Carbonate of 'potassa and carbonate of soda produce the same pre- 
cipitate as potassa and ammonia, but fail to redissolve it upon addition 
in excess. Consequently if a fixed alkaline bicarbonate is added to a 
Solution of morphia in caustic potassa, or if carbonic acid is conducted 

+ 
into the Solution, Mo + 2 aq. separates,— especially after ebullition — in 

the form of a crystalline powder. A more minute inspection, parti- 

cularly through a lens, shows this powder to consist of small acicular 

crystals; magnified 100 times, these crystals present the form of 

rhombic prisms. 

ö. Bicarbonate of soda and bicarbonate of potassa speedily produce in 
Solutions of neutral salts of morphia a precipitate of nydrated morphia, 
in the form of a crystalline powder. The precipitate is insoluble m an 
excess of the precipitants. These reagents fail to precipitate acidified 
Solutions of salts of morphia in the cold. 

6. The action of strong nitric acid upon morphia or one of its salts, 
in the solid State or in concentrated Solutions, produces a yellowish-red 
color. On addition of protochloride of tin no violet coloration occurs, as 
in the case of brucine. Dilute Solutions do not change their color upon 
addition of nitric acid in the cold, but upon heating they acquire a 
yellow tint. 

* For the best way of subliming morphia, and for the value of the Sublimate in 
microscopic diagnosis, nee Hilwio (Zeitscnr. f. anal. Chem. 3, 48 ; or Das Mikroscop 
in der Toxikologie von Dr. A. Hilwig. von Zabern. Mainz : 1864). In the latter 
work the subject is treated more completely and illustrated. I may mention that the 
alkaloid moit be perfeetly pure. 
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7. If morphia or a Compound of morphia is treated with 4 or 5 drops 
of pure strong sulphuric acid, and warmed on a water-bath for 15 
minutes, a colorless Solution is obtained; if, after cooling, 10 to 20 
drops of sulphuric acid, mixed with nitric acid* are added, and 2 or 3 
drops of water, the fluid acauires a violet-red color (gentle heatmg 
promotes the reaction) ; and it now 4 or ö clean lentil-sized fragments of 
binoxide of manganese are added, or a fragment of Chromate of potassum 
(Otto), the fluid acquires an intense mahogany color. If the fluid is 
thcn diluted with 4 parts of water, cooled in a test-tube, and ammonia 
added tili the reaction is almost neutral, a dirty yellow color makes 
its appearance, which turns brownish red upon supersaturation with 
ammonia, without the deposition of any appreciable precipitate 
(J. Erdmann). According to A. HusemannI the violet coloraüon of 
sulphate of morphia by nitric acid, does not occur tili the morphia 
Solution has undergone change. It occurs immediately when the Solu- 
tion in strong sulphuric acid is heated to 100° — 150°. If, after cooling, 
a drop of nitric acid is added, a splendid dark violet color is produced, 
which stays at the edge for several minutes, but in the middle soon 
passes into a blood-red color, which slowly becomes paler. Hypo- 
chlorite of soda acts like nitric acid. On heating morphia with sulphuric 
acid above 150°, a transient reddish violet color is produced, which 
turns finally to dirty green. If a Solution which has thus been over- 
heated is brought in contact after cooling with nitric acid, no bluish 
violet color is observed, but a reddish color is at once produced. 

8. If a Solution of molybdic acid in concentrated sulphuric acid (5 mgrm. 
molybdate of soda and 1 c.c. conc. sulphuric acid), is mixed with dry 
morphia or a dry salt of morphia, a magnificent reddish -violet color will 
make its appearance immediately ; after a time the color will turn a 
dirty greenish brown. The experiment should be made in a small 
porcelain dish or watch-glass, and the mixture should be stirred with a 
glass rod. On furthcr action of the air the fluid will become deep blue, 
commencing at the edge ; this color will remain for hours (Fröhde).J 
If water is added to the blue fluid, this color vanishes, and a alighüy 
turbid, dirty brown fluid is obtained ; when this is filtered it yields a 
brown filtrate. (Difference from salicine.) 

0. Neutral sesquichloride of iron imparts to concentrated neutral Solutions 
of salts of morphia a beautiful dark blue color, which disappearo upon 
the addition of an acid. If the Solution contains an admixture of 
animal or vegetable extractive matters, or of acetates, the color will 
appear less distinctly. 

10. If iodic acid is added to a Solution of morphia or of a salt of 
morphia, iodine separates. In concentrated aqueous Solutions the 
separated iodine appears as a kermes-brown precipitate, whilst to 
alcoholic and dilute aqueous Solutions it imparts a brown or yellowish- 
brown color. The addition of starch-paste to the fluid, before or after 
that of the iodic acid, considerably heightens the delicaey of the reaction, 
since the blue tint of the iodide of starch remains perceptible in ex- 
ceedingly dilute Solutions, v.hich is not the case with the brown color 

* Mix 6 drops of nitric acid of 1*25 8p. gr. with 100 c.c. water, and add 10 dropt 
of thiB mixture to 20 grammes of pure concentrated sulphuric acid. 

t Zeitschr. f. anaL Chem. 3, 151. % Ibid. 5, 214. 
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imparted by iodine. The reaction is most delicate when the iodic acid 
Solution is mixed with starch-paste, and the dry morphia salt is added 
to the mixture. It need scarcely be mentioned that the delicacy of the 
reaction may also be increased by shaking with bisulphide of carbon. 
As other nitrogenous bodies (albumen, caseine, fibrine, <fcc.) likewise re- 
duce iodic acid, this reaction has only a relative value ; however, if 
ammonia is added after the iodic acid, the fluid becomes colorless if the 
Separation of iodine has been caused by other substances, whilst the 
coloration becomes much more intense if it is owing to the presence of 
morphia (Lefort).* 

11. Tannic acid throws down in aqueous Solutions of morphia salts, if 
they are not too dilute, white precipitates, readily soluble in acids. 



second group. 

nojt-volatile alkaloids which are precipitated by potassa 
from the Solutions of their Salts, but do not redissolvb 
to a perceptible Extent in an Excess of the Precipi- 
tant, and are precipitated by blcarbonate of soda even 
from Acid Solutions, if the latter are not diluted in a larger 
proportion than 1 : 100 ; Narcotina, Quina, Cinchonia. 

+ 
a. Narcotina, or Narcotine (C 46 H 2a N0 14 = Na). 

§ 234. 

1. Narcotina accompanies morphia in opium (§ 233). Crystallized 

narcotina (Na + aq.) appears usually in the form of colorless, brilliant, 
straight rhombic prisms, or, when precipitated by alkalies, as a white, 
loose, crystalline powder. It is insolubie in water. Alcohol and ether 
dissolve it sparingly in the cold, but somewhat more readily upon heat- 
ing. Chloroform dissolves it very easily, amylic alcohol with difficulty, 
benzole more readily. Solid narcotina is tasteless, but the alcoholic and 
ethereal Solutions are intensely bitter. Narcotina does not alter vege- 
table colors. At 170° it fuses, with loss of 1 eq. of water. 

2. Narcotina dissolves readily in acids, combining with them to salts. 
These salts have invariably an acid reaction. Those with weak acids 
are decomposed by a large amount of water, and, if the acid is volatile, 
even upon simple evaporation. Most of the salts of narcotine are 
amorphous, and soluble in water, alcohol, and ether ; they have a bitter 
taste. 

3. Pure alkalies, and alkaline carbonates and bicarbonates, immediately 

precipitate from the Solutions of salts of narcotine Na + aq. in the form 

* LzroBT (Zeitachr. f. anal. Chem. 1, 134) recommends the following method for 
the detection of small quantities of morphia : moisten Strips of very white unsized 
paper with the morphia Bolution, dry, and repeat the Operation several times, bo as to 
ensure absorption by the paper of a tolerably large quantity of the fluid ; the dried 
paper contains the morphia in the solid state, most finely divided. Nitrio acid, sesqui* 
chloride of iron, and iodic acid and ammonia will readily and with positive distinctness 
show the characteristic reactions on paper so prepared. 
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of a white powder, which, magnified 100 times, appears an aggTegate 
of small crystalline needles. The precipitate is insoluble in an excess 
of the precipitants. If Solution of a salt of narcotina is mixed with 
ammonia, and ether added in sufficient quantity, the precipitate redis- 
solves in the ether, and the clear fluid presents two distinct layers. If 
a drop of the ethereal Solution is evaporated on a watch-glass, the re- 
sidue is seen, when magnified 100 times, to consist of small, distinct, 
elongated, and lance-shaped crystals. 

4. Concentrated nitrio acid dissolves narcotine to a colorless fluid, 
which acquires a pure yellow tint upon application of heat. 

5. Strong sulphuric acid acts differently upon different specimens of 
narcotine. Those that are apparently the purest give a bluish violet 
Solution which in a short time becomes dirty orange : specimens which 
appear less pure give a yellow Solution at once. ff the yellow Solution 
in either case is warmea very gradually it becomes at first orange red, 
subsequently beautiful bluish violet, or purple plue stripes are seen pro- 
ceeding from the edge, and finally, when tue sulphuric acid begins to 
evaporate, an intense reddish violet color is formed. If the heating is 
interrupted when the blue color is present, the Solution slowly be- 
comes cherry red in the cold. The reaction is very delicate (Huse- 
mann).* 

6. If to a Solution of narcotine in strong sulphuric acid prepared in 
the cold, 10 to 20 drops of sulphuric acid containing a minute quantity 
of nitrio acid (footnote, p. 350) are added, and then two or three drops of 
water, the fluid becomes intensely red. Slight warming is favorable 
to the reaction. Addition of binoxide of manganese does not change 
the color. If, after dilution, ammonia is added tili the fluid is nearly 
neutral, the intensity of the color is diminished in consequence of the 
dilution. On addition of excess of ammonia a copious dark brown pre- 
cipitate is finally produced (J. Erdmann). 

If to a Solution of narcotine in strong sulphuric acid, prepared in the 
cold, chloride of soda is added, a distinct and rather permanent crimson 
color is produced, which passes into yellowish red. The Solution of 
narcotine in strong sulphuric acid, which has been colored by heat, is 
turned immediately light yellow by nitric acid or chloride of soda, and a 
more reddish coloration appears gradually (Husemann). 

7. Chlorine water added to Solution of a narcotine salt gives a yellow 
color, slightly inclining to green. On the addition of ammonia a 
yellowish red and much more intense color is produced. 

8. If narcotine or a salt of narcotine is dissolved in excess of dilute 
sulphuric acid, mixed with finely powdered binoxide of manganese, and 
boiled for some minutes, the alkaloid is converted into opianic acid, 
cotarnine (a base soluble in water) and carbonic acid. On nltering, and 
adding ammonia to the filtrate, no precipitate will be obtained. 

9. Tannic acid produces whitish precipitates in Solutions of salts of 
narcotine. When the Solutions are very dilute a mere turbidity is 
produced, but a precipitate is formed on addition of a drop of hydro- 
chloric acid. The precipitate is very slightly soluble in nydrochloric 
acid. 

* Zeitschr. f. anal. Cbem. 3, 151. 
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+ 

b. Quina, or Quinine (G^ E u N t 4 = Q). 

§235. 

1. Quinine occurs in cinchona bark accompanying cinchonine. 

Crystallized quina, (Q + 6 aq.) appears either in the form of fine 
crystalline needles of silky lustre, wnich are frequently aggregated into 
tufts, or as a loose white powder. It is sparingly soluble in cold, but 
8omewhat more readily in not water. It is readily soluble in spirit of 
wine, both cold and hot, but less so in ether. The taste of quina is in- 
tensely bitter ; the Solutions of quina manifest alkaline reaction. (Jpon 
exposure to heat it loses the 6 eq. of water. 

2. Quina neutralizes acids completely. The neutral salts taste in- 
tensely bitter ; most of them are crystallizable, difficultly soluble in cold, 
readily soluble in hot water and in spirit of wine. The acid salts dis- 
Bolve very freely in water ; the Solutions reflect a bluish tint. If a 
cone of light is thrown into them, by means of a lens either horizontally 
or vertically, a blue cone of light is seen even in highly dilute Solutions. 

3. Potassa, ammonia, and tue neutral carbonates of the alkalies produce 
in Solutions of salts of quina (if they are not too dilute) a white, loose, 
pulverulent precipitate of hydrated quina, which immeaiately after pre- 
cipitation appears opaque and amorphous under the microscope, but 
assumes, after the lapse of some time, the appearance of an aggregate of 
crystalline needles. The precipitate redissolves only to a scarcely per- 
ceptible extent in an excess of potassa, but more so in ammonia. It is 
hardly more soluble in fixed alkaline carbonates than in pure water. 
Chloride of ammonium increases its solubility in water. If a Solution of 
quina is mixed with ammonia, ether added, and the mixture shaken, 
the quina redissolves in the ether, and the clear fluid presents two dis- 
tinct layers. (In this point quina differs essentially from cinchonia, 
which by this means may be readily detected in presence of the former 
and separated from it.) 

4. Biearbonate ofsoda also produces both in neutral and acid Solutions 
of salts of quina a white precipitate. In acidified Solutions containing 
1 part of quina to 100 parts of acid and water, the precipitate forms 
immediately ; — if the proportion of the quina to the acid and water is 
1 : 150, the precipitate separates only after an hour or two, in the form 
of distinct needles, aggregated into sroups. If the proportion is 1 : 200, 
the fluid remains clear, and it is only after from twelve to twenty-four 
hours' standing that a slight precipitate makes its appearance. The 
precipitate is not altogether insoluble in the precipitant, and the Separa- 
tion is accordingly the more complete the less the excess of the pre- 
cipitant ; the precipitate contains carbonic acid. 

5. Coneentrated nitric acid dissolves quina to a colorless fluid, turning 
yellowish upon application of heat. 

6. The addition of chlorine water to the Solution of a salt of quina fails 
to impart a color to the fluid, or, at least, imparts to it only a Yery faint 
tint; but if ammonia is now added, the fluid acquires an intense 
emerald-green color. If, after the addition of the chlorine water, some 
Solution of ferrocyanide of potassium is added, then a few drops of am- 
monia or some other alkali, the fluid acquires a magnificent deep red 
tint, which, however, speedily changes to a dirty brown. This reaction 

I. A A 
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is delicate and characteristic. Upon addition of an acid* to the red 
fluid, the color vanißhes, but reappears afterwards upon cautious ad- 
dition of ammonia. (0. Livonius, communicated; A. Vogel.) 

7. Concentrated sidphuric acid dissolves pure quina and pure sah» 
pf quina to a colorless or very faint yellowish fluid ; application of a 
gentle heat turns the fluid yelfow. application of a stronger heat brown. 
Sulphuric acid containing an adwixture of nitric acid dissolves quina 
to a colorless or very faint yellowish fluid. 

8. Tannic acid produces a white precipitate in aqueous Solutions of 
salts of quinine, even when they are exceedingly dilute. The pre- 
cipitate is curdy and agglutinates on warming, it is soluble in acetic 
äcü 

9. As regards Herapath's quinine reaction, based upon the pola- 
rizing properties of sulphate of iodide of quinine, I refer to PhiL Mag. 6, 
171. 

c. Cinchonia, or Cinchonine (0^ H 14 N, 0, = Ci). 

§286. 

1. Cinchonine occurs in cinchona bark accompanving quinine. It 
appears either in the form of transparent, brilliant, rhombic prisms, or 
fine white needles, or, if precipitated from concentrated Solutions, as a 
loose white powder. At nrst it is tasteless, but after some time a bitter 
taste of bark becomes perceptible. It is nearly insoluble in cold water, 
and dissolves onlv with extreme difficulty in hot water ; it dissolves 
sparingly in cold ailute spirit of wine, more readily in hot spirit of wine, 
and the most freely in absolute alcohol. From hot alcoholic Solutions 
the greater portion of the dissolved cinchonia separates upon cooling 
in a crystalline form. Solutions of cinchonia taste bitter, and manifest 
alkaline reaction. Cinchonia is insoluble in ether. t 

2. Cinchonia neutralizes acids completely. The salts have the bitter 
taste of bark : most of them are crystallizable : they are generally more 
readily soluble in water and in spirit of wine than the corresponding 
quina Compounds. Ether fails to dissolve them. 

3. Cinchonia, when heated cautiously , fuses at first without loss of 
water; subsequcntly white fumes arise which, like benzoic acid, condense 
upon cold substances, in the form of small brilliant needles, or as a loose 
Sublimate, a peculiar aromatic odor being exhaled at the same time. If 
the Operation is conducted in a stream of hydrogen gas, long brilliant 
prisms are obtained (H las i wetz). 

4. Potassa, ammonia, and the neutral carbonates of the olkalies produce 
in Solutions of salts of cinchonia a white loose precipitate of cinchonia, 
which does not redissolve in an excess of the precipitants. If the Solu- 
tion was concentrated, the precipitate does not exhibit a distinctly 
crystalline appearance even when magnified 200 times ; but if the Solu- 
tion was so dilute that the precipitate formed only after some time, it 
appears under the microscope to consist of distinct crystalline needles 
aggfegated into star-shaped tufts. 

* Acetic acid answers the purpose best 
f The oiDobonia of commerce uiually contaioB m admixture unother alkaloid, omlled 
einchotinn, which is soluble io ether. This alkaloid cryntallizee in large rhomboidal 
cryttal» of brilliant lostre, which fuse at a high temperature, and cannot be soblimed, 
even in a itream of hydrogen gta (Ela81wktz). 
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5. Bicarbonate of soda and bicarbonate of potassa precipitate cinchonia 
in the same form as in 4, both from neutral and acidined Solutions of 
■cinchonia salts, but not so completely as the monocarbonates of the 
alkalies. Even in Solutions containing 1 part of cinchonia to 200 of 
water and arid, the precipitate forms immediately ; its quantity, how- 
-ever, increases after Standing some time. 

6. Concmtrated sulphurie acid dissolves cinchonia to a colorless fluid, 
•which upon application of heat first acquires a brown, and finally a black 
color. Addition of some nitric acid leaves the Solution colorless in the 
cold, but upon application of heat the fluid, after passing through the 
intermediate tints of yellowish-brown and brown, turns finally black. 

7. The addition of chlorine water to the Solution of a sah ot cinchonia 
fails to impart a color to the fluid ; if ammonia is now added, a yel- 
lowish-white precipitate is formed. 

8. If the Solution of a cinchonia salt containing only very little or no 
free acid, is mixed with ferrocyanide of potassium, a flocculent pre- 
cipitate of ferrocyanide of cinchonia is formed. If an excess of the pre- 
cipitant is added, and a gentle heat very slowly applied, the precipitate 
dissolves, but separates again upon cooling, in orilliant gold-yellow 
scales, or in long needles, orten aggregated in the shape of a fan. With 
the aid of the microscope, this reaction is as delicate as it is characteristic 
(Ch. Dollfüs, Bill, Seligsohn). 

0. Tannic acid produces a white flocculent precipitate in aqueous 
Solutions of saltsof cinchonia, the precipitate is soluble in a small quan- 
tity of hydrochloric acid, but is reprecipitated by addition of more hydro- 
chloric acid. 

Hecapitulation and Remarks. 

§ 237. 

Narcotina and quina being soluble in ether, whilst cinchonia is inso- 
luble, the two former alkaloids may be most readily separated by this 
means from the latter. For this purpose the analyst need simpfy mix 
the aqueous Solution of the salts with ammonia in excess, then add ether. 
and separate the Solution of quina and narcotine from the undissolvea 
«cinchonia. If the ethereal Solution is now evaporated, the residue dis- 
solved in hydrochloric acid and a sufficient amount of water to make the 
dilution 1 : 200, and bicarbonate of soda is then added, the narcotina 
precipitates, whilst the quina remains in Solution. By evaporating the 
Solution, and treating the residue with water, the quina is obtained in 
the free State. 41 

* Tbe reaction with ammonia and ether fails to effect the Separation of quinine 
from varioug other bases found associated with it, viz., a quinidine, ß quinidine, 

Zquinidine, and cinchonidine ; since, as G. K ebner (Zeitschr. f. anal. Chem. 1, 150) 
as shown, scveral of these other vegeto- alkalies are pretty freely soluble io ether. In 
fact, no qualitative reaction will enable the analyst to fully effect this purpose ; bnt it 
may be aocomplished by means of a simple volumetrical method, based upon the 
circumstance that the quina thrown down by ammonia from a solutiou of the sulphate, 
reqnires less ammonia to redissolve it than all the other vegeto-alkalies of the bark. 
Concerning the Separation of quina from quinidine conipare Schwarzer (Zeitschr. f. 
anal Chem. 4, 129), and concerning the Separation of the cinchona alkaloids in general 
see Vax der Bubo (Zeitschr. f. anal. Chem. 4, 273). 



AAS 



856 STRYCHXISE. [§ 285. 

third group. 

non-volatile alkaloids which are precipitated by potassa 
from thk Solutions of their Salts, and do not redissolve 
to a perceptible extent in an excess of the precipitant;* 
but are not precipitated from (even somewhat concentrated) 
Acid Solutions by the Bicarbonates of the Fixed Alka- 
li es : Strychnia, Brucia, Veratria, Atropia. 

+ 
a. Strychnia, or Strychnine (C 44 H ai N t 4 = Sr). 

§238. 

1. Strychnia exists in Company with brucine in various kinds of 
strychnos, especially in the fruit of strychnos nux vomica and of strychnos 
ignatius. It appenrs either in the form of white brilliant rhombic prisms, 
or, when produced by precipitation or rapid evaporation, as a white 
powder. It has an exceedingly bitter taste. It is nearly insoluble in 
cold, and barely soluble in hot water. It is almost insoluble in absolute 
alcohol and ether, and only sparingly soluble in dilute spirit of wine. 
It dissolves freely in amylic alcohol, more especially with tne aid of heat, 
likewise in benzole (Rodoers), and Chloroform (Pettenkofer). It 
does not tuse when heated. By cautious heating it may be sublimed 
unaltered (Helwig), see foot-note § 233, 1. 

2. Strychnia neutralizes acids completely. The salts of strychnia 
are, for the most part, crystallizable ; they are soluble in water. All the 
salts of strychnia have an intolerably bitter taste, and are, like the pure 
alkaloid, exceedingly poisonous. 

3. Potassa aud carbonate of soda produce in Solutions of salts of 
strychnia white precipitates of strychnia, which are insoluble in an 
excess of the precipitants. Magnitied 100 times, the precipitate appears 
as an aggregate of small crystalline needlcs. From dilute Solutions the 
strychnia separates only after the lapse of some time, in the form of 
crystalline needles, distinctly visible to the naked eye. 

4. Ammonia produces the same precipitate as potassa. The preci- 
pitate redissolves in an excess of ammonia ; but after a short time — or 
lf the Solution is highly dilute, after a more considerable time — the 
strychnia crystallizes from the ammoniacal Solution in the form of 
needles, which are distinctly visible to the naked eye. 

5. Bicarbonate ofsoda produces in neutral Solutions of salts of strychnia 
a precipitate of strychnia, which separates in fine needles shortly after 
the adaition of the reagent, and is insoluble in an excess of the pre- 
cipitant. But upon adding one drop of acid (so as to leave the fluid still 
alkaline), the precipitate dissolves readily in the liberated carbonic acid. 
The addition of bicarbonate of soda to an acid Solution of strychnia cause» 
no precipitation, and it is only after the lapse of twenty-four hours, or 
even a longer period, that strychnia crystallizes from the fluid in distinct 
prisms, in proportion as the free carbonic acid escapes. If a concentrated 
Solution of strychnia, supersaturated with bicarbonate of soda, is boiled 
for some time, a precipitate forma at once ; from dilute Solutions this 
precipitate separates only after concentration. 

6. Sulphocyanide of potassium produces in concentrated Solutions of 

9 Regtx&ng ttara^liA, «im $ 241, 4. 
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ßalts of strjchnia immediately, in dilute Solutions after the lapse of some 
time, a white crystalline precipitate, which appears under the microscope 
as an aggregate of flat needles, truncated or pointed at an acute angle, 
and is but little soluble in an excess of the precipitant. 

7. CJUoride ofmercury produces in Solutions of salts of strychnia a 
white precipitate, which changes after some time to crystalline needles, 
Bggregated into stars, and distinctly visible through alens. Upon heating 
the fluid tbese crystals redissolve, and upon subsequent cooling of the 
.Solution the double Compound recrystallizes in larger needles. 

8. If a few drops of pure concentratcd sulphuric acid are added to a 
little strychnia in a porcelain dish, Solution ensues, without coloration of 
the fluid. If small quantities of oxidizing agents (chromate of potassa, 
permanganate of potassa, ferricyanide of potassium, peroxide of lead, 
trinoxide of manganese)are now added — best in the solid form,as dilution 
is prejudicial to the reaction — the fluid acquires a magnificent blue- 
violet color, which, after some time, changes to wine-red, then to reddish- 
yellow. With Chromate of potassa anä permanganate of potassa the 
reaction is immediate ; on inclining the dish, blue violet streaks are seen 
to flow from the salt fragment, and by pushing the latter about, the 
eoloration is soon imparted to the entire fluid. With ferricyanide of 
potassium the reaction is less rapid ; but it is slowest with peroxides. 
The more speedy the manifestation of the reaction the more rapid is 
also the change of color from one tint to another. I prefer Chromate of 
potassa, recommended by Otto, or permanganate of potassa, recom- 
mended by Guy, to all other oxidizing agents. Jordan succeeded, 
with Chromate of potassa, in distinctly showing the presence of zitotto 
grain of strychnia. J. Erdmann prefers binoxide of manganese in 
lentil-sized fragments. Metallic chlorides and considerable quantities 
of nitrates, also large quantities of organic substances, prevent the 
manifestation of the reaction or impair its delicacy. It is therefore 
always advisable to free the strychnia first, as far as practicablc, from 
all foreign matters before proceeding to try this reaction. If the Solu- 
tion colored red (by binoxide of manganese) is mixed with from 4 to 
ti times its volume of water, heating being avoided, and ammonia is 
then added until the reaction is ncarly neutral, the fluid shows a mag- 
niflcent violet-purple tint; upon addition of more ammonia the color 
becomes yellowish-green to yellow (J. Erdmann). I have found, 
however, that this reaction is seen only where larger, though still very 
minute, quantities of strychnia are present. Morphia interferes with 
this reaction.* In order to remove the morphine, the concentrated 
aqueous neutral Solution of the substance is mixed with ferricyanide of 
potassium (Neubauer) or neutral Chromate of potassa (Ho rsley) and 
filtered. The precipitate contains the strychnia, the Solution the 
morphia. The precipitate is washed a little, dried, and mixed in a 
watch-glass with strong sulphuric acid. The blue-violet color is imme- 
diately produced. It sliould be borne in mind that the strychnia pre- 
£ipitates are not insoluble in water. f Finally I must mention that 

* Rresb, Zeitachr. f. anal. Ghem. 1, 399. Horsley, Ibid. 1, 515, Thomas, 
Ibid. 1, 517. 

t Rodgers recomraends to separate strychnia from morphia by benzole, in which 
the forraer alone is soluble. Thomas recomm«nds to ren 1er the Solution of the acetatet 
alkaline with potaah, and to shake with chloioforra ; the morphia reinains in the alkty 
lioe Solution, while the strychnia dissolvet in the Chloroform. 
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curarine produces the same reaction with sulphuric acid and Chromate 
of potassa as strychnia. They differ however in this, that curarine»i» 
colored red by sulphuric acid alone, and it gives much more permanent 
colorations with Chromate of potassa than strychnine (D ragen dorff). 

9. Strong Marine water produces in Solutions of strychnia salts a 
white preeipitäte, soluble in ammonia to a colorless fluid. 

10. Strong nitric acid dissolves strychnia and its salts to a colorless 
fluid, whieb turns yellow when heated. 

11. Tannic acid produces in Solutions of strychnia salts heavy white 
preeipitates, insoluble in bydrochloric acid. 

+ 
b. Brucia, or Brucine (C a H M N,0 § «= Br). 

§239. 

1. Brucia oecurs with strychnia (see § 238). Crystallized brucit 

(Br + 8 aq.) appears either in the form of transparent straight rhombio 
prisms, or in that of cry stalline needles aggregated into stars, or as a 
white powder composed of minute crystalline scales. Brucia is diffi- 
cultly soluble in cold, but somewhat morereadily in hot water. 1t 
dissolves freely in alcohol, both in absolute and dilute, also in cold, bat 
more readily still in bot, amylic alcohol ; but it is almost insoluble in 
ether. Its taste is intensely" bitter. When heated, it fuses with loss of 
its water of crystallization. By cautious heating it may be sublimed 
unchanged (see foot-note § 233, 1). 

2. Brucia ncutralizes aeids completely. The salcs of brucia are 
readily soluble in water, and of an intensely bitter taste. Most of them 
are crystallizable. 

3. Potassa and carbonate of soda tbrow down frorn Solutions of salts 
of brucia a white preeipitäte of brucia, insoluble in an excess of the 
preeipitant. Viewed under the microscope, iinmediately after preeipi- 
tation it appears to consist of very minute grains ; but upon further 
inspection, these grains are seen — with absorption of water — to suddcnly 
form into needles, which latter subsequently arran^e themsslves without 
exception into concentric groups. These successive changes of the pre- 
eipitäte may be traced distinctly even with the naked eye. 

4. Amnwnia produces in Solutions of salts of brucia a whitish preeipi- 
tate, which appears at tirst like a number of minute drops of oil, but 
changes subsequently — with absorption of water — to small needles. 
The preeipitäte redissolves, immediately after Separation, very readily 
in an excess of the preeipitant ; but atfcer a rery short time— or, in 
dilute Solutions, after a more considerable lapse of time^ — the bruciu, 
combined with crystallization water, crystallizes from the ammoniacal 
fluid in small concentrically grouped needles, which addition of am- 
monia fails to redissolve. 

ö. Bicarbonate of soda produces in neutral Solutions of salts of brucia 
a preeipitäte of brucia, combined with crystallization water ; this pre- 
eipitäte separates after the lapse of a short time, in form of concentrically 
ajrgregated needles of silky lustre, which are insoluble in an excess of 
the preeipitant, but dissolve in free carbonic acid (compare Strychnia). 
Bicarbonate of soda fails to preeipitäte acid Solutions of salts of brucia ; 
»ad it is only after the lnpse of a considerable time, and with the escape 
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of the carbonic arid, that the alkaloid separates from the fluid in regulär 
and comparatively large crystals. 

6. Concentrated nitric acid dissolves brucia and its salts to intensely 
red flmds, which snbsequently acquire a yellowish-red tint, and turn 
yellow upon application of heat. Üpon addition of protochloride of tin 
or sulphide of ammonium to the neated fluid, no matter whether 
concentrated or after dilution with water, the faint yellow color changes 
to a most intense violet. 

7. If a little brucia is treated with from 4 to 6 drops of pure eoncen* 
traied sulphuric acid, a Solution of a faint rose color is obtamed, which 
afterwards turns yellow. If 10 or 20 drops of sulphuric acid mixed with 
some nitric acid (ibot-note § 233, 7) are added, the fluid transiently ac- 
quire8 a red, afterwards a yellow color. Addition of binoxide of man- 

Sinese transiently imparts a red, then a tramboge tint to the fluid. If 
e fluid is then, with proper cooling, diluted with 4 parts of water, 
and ammonia added to nearly neutral reaction, or even to alkaline re- 
actdon, the Solution acquires a gold-yellow color (J. Erdmann). 

8. Addition of chlorine water to the Solution of a salt of brucia imparts 
to the fluid a fine bright red tint ; if ammonia is then added, the red 
color changes to yellowish-brown. 

9. Sulphoevanidc of potassium produces in concentrated Solutions o 
salts of brucia immediately, in dilute Solutions after some time, a granulär 
crystalline precipitate, which, under the microscope, appears composed 
of variously aggregated polyhedral crystalline grains. Friction applied 
to the sides ot the vessel promotes the Separation of the precipitate. 

10. Chloride of mercury also produces a white granulär precipitate,. 
which, under the microscope, appears composed of small roundish crys- 
talline grains. 

11. Tannio acid produces in Solutions of salts of brucia, heavy dirty 
white precipitates, soluble in acetic acid, insoluble in hydrochloric acid. 

+ 
c. Veratria, or Vbratrine (C^I^NjO^) Ve. 

§240. 

1. Veratria occurs in various species of veratrum, especially in the 
seeds of veratrum sabadilla (with veratric acid), and in the root of vera- 
trum album (with jervine). It appears in the form of small prismatic 
crystals which acquire a porcelain-like look in the air, or as a white 
powder of acrid and burning, but not bitter taste. It is exceedingly 
poisonous. Veratria acts with great energy upon the membranes of the 
nose ; even the most minute quantity of the powder excites the most 
violent sneezing. It is insoluble in water ; in alcohol it dissolves readily, 
but more sparingly in ether. At 150° it fuses like wax, and solidifles 
upon cooling to a transparent yellow mass. By cautious heating it may 
be sublimed unchanged (see foot-note § 233, 1). 

2. Veratria neutralizes acids completely. Some salts of veratria are 
crystallizable, others dry up to a gummy mass. They are soluble in 
water, and have an acrid and burning taste. 

3. Potassa, ammonia, and the monoearbonates of the alkaUen produce in 
Solutions of salts of veratria a fiocculent white precipitate, which, viewed 
nnder the microscope immediately after precipitation, does not appear 
crystalline. After the lapse of a few minutes, however, it alters it» 
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appearance, and small scattered Clusters of short prismatic crystals are 
ouserved, instead of the original coagulated flakes. The precipitate does 
not redissolve in an excess of potassa or of carbonate of potassa. It is 
slightly soluble in ammonia in the cold, but the dissolvea portion sepa- 
rates ag-ain upon application of heat. 

4. With bicarbonate of soda and bicarbonate of potassa the salts of 
veratria comport themselves like those of strychnia and brucia. How- 
ever, the veratria separates readily upon boiling, even from dilute 
Solutions. 

6. If veratria is acted upon by eoncentrated nitrie arid, it agglutinates 
into small resinous lamps, which afterwards dissolve slowly in the arid. 
If the veratria is pure, the Solution is colorless. 

6. If veratria is treated with eoncentrated sulphurie aeid, it also 
agglutinates at first into small resinous lumps ; but these dissolve with 
great readiness to a feint yellow fluid, the color of which gradually 
mereases in depth and intensity, and changes afterwards to a reddish- 
yellow, then to an intense blood-red, and finally to purple red. The 
color persists 2 or 3 hours, then disappears gradually. Addition of sul- 
phurie aeid, containin^ nitrie aeid, or of binoxide of manganese causes 
no great change of color. If the fluid is then diluted with water, and 
ammonia added until the reaction is nearly neutral, a yellowish Solution 
is obtained, in which ammonia added in excess produces a greenish 
light-brown precipitate (J. Erdmann). 

7. If veratria is dissolved in strong hydrocldoric aeid, a colorless fluid 
is obtained, which bv long boiling acquires an intensely red tint, perma- 
nent on standing". The reaction is very delicate, and oecurs not only 
with the perfectly pure veratrine but with the ordinary commercial alka- 
loid (Trapp). 

8. Sulphocyanide of potassium produces only in eoncentrated Solutions 
of salts of veratria floeculent, gelatinous preeipitates. 

9. Addition of chlorine water to the Solution of a salt of veratria 
imparts to the fluid a yellowish tint, which upon addition of ammonia, 
changes to a faint brownish color. In eoncentrated Solutions chlorine 
produces a white precipitate. 

d. Atropia, or Atropine (C t4 H tt NO f ). 

§241. 

1. Atropia oecurs in all parte of the deadly nightshade (atropa 
belladonna), and of the thorn-apple (datura stramonium). It forma 
small brilliant prisms and needles. It is, when pure, without odor and 
nauseously bitter ; it fuses at 90°, and volatilizes at 140° with partial 
decomposition. By heating between watch-glasses it volatilizes without 
hlackening. The Sublimate is soft and oily. Atropia dissolves in about 
300 parts of cold water, and 60 parts of boiling water, it is very soluble 
in alcohol, the saturated alcoholic Solution is preeipitated by the addition 
of a small quantity of water. It is very soluble in Chloroform and 
amylic alcohol, but it requires about forty parts of etber for Solution« 

2. Atropia combines with aeids, forming salts, some of which, par- 
ticularly the aeid salts, do not crvstallize. The salts dissolve easily in 
water and alcohol, scarcelv at all in ether. The aqueous Solutions of 
the salts acquire a dark color by long heating. 
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3. Atropia and its salts are active narcotic poisons. When applied 
to the eye they dilate the pupil for a considerable time. Hyoscyamine 
has the same action ; bat the dilatation in this case is rather slower in 
making its appearance and more lasting. 

4. Potassa and monocarbonatcs ofthefixed alkalies added to concentrated 
.aqueous Solutions of salts of atropia precipitate a portion of the alkaloid. 
The precipitate, which is at first pulverulent, does not dissolve in excess 
of the precipitant more readily than in water. By long Standing it 
becomes crystalline. Ammonia likewise produces a precipitate, soluble 
in excess. Atropia is decomposed, in contact with fixed alkalies or with 
baryta water, slowly in the cold, rapidly on heating. 

Ö. Carbonate of ammonia and bicarbonates of the alkalies do not precipitate 
Solutions of salts of atropia. 

6. Terchloride of gold added to aqueous Solutions of salts of atropia 
throws down a Compound of hydrochlorate of atropia and terchloride of 
gold in the form of a yellow precipitate which gradually turns crys- 
talline. 

7. Tannic aeid produces in aqueous Solutions of salts of atropia a 
white curdy precipitate soluble in ammonia. 

8. If atropia is warmed with concentrated sulphuric aeid to slight 
browning, and a few drops of water are added to the watch-glass, an 
agreeable odor is evolved, recalling the sloe blossom, or perhaps more 
the cheese rennet (galium verum). On further heating the odor in- 
creases. 

9. Cganogen gas passed into a sufficiently concentrated alcoholio 
Solution of atropia produces a reddish-brown color (Hinterberger). 

10. Picric aeid does not precipitate Solutions of pure salts of atropia. 
Consequently Solutions of atropia which after aeidification with dilute 
sulphuric aeid give a precipitate with this reagent, must be considered 
to contain some other unknown alkaloid (Hager). 

Bccapittdatiön and Remarks. 
§ 242. 

Strychnia may be separated from brucia, veratria, and atropia by 
means of absolute alcohol, since it is insoluble in that menstruum, whilst 
the latter alkaloids readily dissolve it. The identity of strychnia is 
best established by the reaction with sulphuric aeid and the above-men- 
tioned oxidizing agents ;* also by the form of its crystals — when thrown 
down by alkalies — viewed under the microscope ; and lastly, by the 
form of the preeipitates produced by sulphocyanide of potassium and 
chloride of mercury. Brucia and veratria may be separated from atropia 
by shakintr the alkaline Solution with petroleum ether (Dragen- 
i>orff). The latter takes up the brucia and veratria, but not the 
atropia. By separating the aqueous fluid from the petroleum ether and 
shaking it with ether the atropia may be obtained in ethereal Solution. 
Brucia and veratria are not readily separated from one another, but may 

* The only substance which besides curarine (lee above), shows somewbat analo- 
goos renetiona in this reapect, is aniline. A. Gut has, however, called attention to 
the fact tbat aniline, treated with sulphuric aeid and oxidizing agents, acquires a pale 
green color at tiret, which gradually deepens, and only then changes to a magnificent 
blue, which, after persisting some time, turns finally black. 
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be detected in presence of each other. The identity of brucia is best 
established by the reactions with nitric acid and protochioride of tin or 
sulphide of ammonium, or by the form of the crvstalline precipitate 
which ammonia produces in Solutions of salts of orucia. Veratria is 
sufficiently distinguished from brucia and the other alkaloids which we 
have treated of, by its characteristic deportment at a gentle heat, and 
also by the form of the precipitate which alkalies produce in Solutions of 
its salts. To distinguish veratria in presence of brucia, the reaction 
with concentrated sulphuric acid or with hydrochloric acid is selected. 

C. Properties and Reactions of certain non-nitrogenoüs 
bodies, allied to the alkaloids, viz., salicine, dlgita- 
line, and Picrotoxine. 

§243, 
a, Salicine (C m H lg 14 ). 

1. Salicine exists in the bark and leaves of most kinds of willowand 
some kinds of poplar. It appears either in the form of white crystalline 
needles and scales of silky lustre, or, whcre the crystals are very small, 
as a powder of silky lustre. It has a bitter taste, is readily soluble in 
water and alcohol, but insoluble in ether. 

2. No reagent preeipitates salicine as such. 

•3. If salicine is treated with concentrated sulphuric acid, it a<rglutinate8 
into a resinous lump, and acquires an intensely blood-red color, without 
dissolving ; the color of the sulphuric acid is at first unaltered. . 

4. If an aqueous Solution of salicine is mixed with hydrochloric acid 
and boiled for a short time, it suddenly becomes turbid with formation 
of sugar and deposits a white agglutinating precipitate (saliretine). If 
the preeipitated liquor is now mixed with l or 2 drops of Chromate of 
potassa and boiled, the saliretine will acquire a brignt rose color, the 
characteristic odor of salicyligenic acid being emitted at the same time« 

§244. 
b. Digitaline (C m H^ O w ?). 

1. Digitaline exists in the leaves, seeds, and capsules of the fox- 
glove (digitalis purpurea). It is usually white, amorphous, but it may 
also be obtained in crystals.* It is without odor, bitter, and an active 

foison, its powder irritates the eyes and causes sneezing. At 180° it 
ecomes colored but does not fuse, above !200° it is completely decom- 
posed. 

2. Digitaline is neutral. It dissolves in all proportions in Chloro- 
form, and in about 12 parte of alcohol of 90° at the ordmary temperature, 
but more readily on boiling ; it is less soluble in absolute alcohol. It is 
only very slightly soluble in ether free from alcohol. It is very diffi- 
cultly soluble in water, even when boiling (1 part requires 1000 parts of 
boiling water), the Solution, however, has a very bitter taste. 

* Nativellk gives a uiethod for preparing crystallised digitaline, seo Journ. dt 
Pbarm. 9, 255— Zeitschr. f. Cbem. 5, 401— Chem. Centn Bl. 1870, 30. The oomroer- 
dal digitaline je frequently a mixture of ▼arious bodieg, and tbis explaina whytht 
properüas of digitaline as given by difbrent ebemiata are found to vary so greatlj. 
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3. When digitaline is dissolved in concentrated sulphurio acid (to 
which it imparts a green color), and the Solution is stirred with a rod 
dipped in bnminc water y a violet reddish coloration makes its appearance 
IGbaxdbau, J. Otto). When the expeiment is made in the manner 
directed, the reaction is very delicate and characteristic. Delphinine only 
ahows a similar deportment ; bat when an acid Solution is shaken with 
ether delphinine does not pass into the ether, while digitaline does 
(Otto). 

4. Hydrochhric acid dissolves digitaline with a greenish yellow color ; 
water precipitates a resinous body from this Solution. Nitric acid dis- 
solves it with evolution of red fumes. Acctic acid dissolves it without 
being colored 

5. On shaking a Solution of digitaline, even if acid, with ether } the 
digitaline passes into the ether (J. Otto). 

6. The Solutions of digitaline are not precipitated by Solution ofiodinc, 
picrie acid, and metalUe salts, but they are precipitated by tannio acid. 
The precipitate is somewhat soluble in boiling water. 

7. On boiling digitaline with dilute sulpkuric acid sugar and digita- 
liretine are formed (Walz, Kossmann). The former may be recognised 
by its power of reducing alkaline Solution of copi>er, the latter crystal- 
likes from hot alcohol in brilliant grains (Kossmann). J. Otto say» 
that on boiling down a Solution of digitaline in dilute sulphuric acid an 
odor recalling infusion of digitalis is noticed. 

§245. 
e. Picrotoxine (C„ H w O g ). 

1. Picrotoxine is the poisonous principle of the fruit of menisper- 
mum coeculus. It forms white brilliant iöur-sided prisms or needles. 
It is without odor, very bitter, a narcotic poison, fuses when heated, 
yielding empyreumatic fumes. 

2. Picrotoxine is neutral. It disxolves in water, espccially when 
hot, with tolerable ease, and crystallizes from the Solution in nccdlet* 
on cooling and evaporation. Hot alcohol dissolves it with extreme 
ftcility. The concentrated Solution solidifies when cold to a silky 
mass, more dilute Solutions give silky needles when evaporated. Picro- 
toxine is dimcultly soluble in ether. The latter does not withdruw it 
from aqueous or alkaline Solution, but it does withdraw it from acidifiud 
Solutions (G. üünkel). The ethereal Solution when evaporated leaves 
the Picrotoxine in the form of powder or scaly crystals. 

3. Acids do not neutralize picrotoxine, and, with the exception of 
acetic acid, do not increase its solubility in water. 

4. Ammoma, potassa, and soda dissolve picrotoxine freely. Acids, even 
carbonic acid, precipitate it from the concentrated solutious. Picro- 
toxine therefore possesses the character of an acid ruther than of a buse. 
The Solutions of picrotoxine in potassa or soda when heated aetjuiro a 
yellow or yellowish red color. 

5. If a Solution of picrotoxine containing potassa or soda is mixed 
with a Solution of tartrate of copper and potassa and warmed gontly, sub- 
oxide of copper separates. 

6. Salution of iodine, picrie acid, tannic acid, and metallio salts do not 
precipitate Solutions of picrotoxine. 
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öystematic couhse vor the detection of the alkaloids axd 
of Salicine, Digitaline, and Picrotoxine. 

In the methods described ander I. and II., it is presupposed that the 
non-volatilc alkaloids, etc., are in concentrated Solution, dissolved in 
water by the agency of aeids, and free from any substances which would 
•obscure or moaify tbe reactions. Under III. will be described methods 
to be used in the presence of coloring 1 or extractive matters, and for the 
detection of volatile alkaloids. 



I. Detection of the non-volatile Alkaloids, &c, in Solu- 
tions CONTAINING ONLY ONE OF THESE SüBSTANCES.* 

§246. 

1. To a portion of tbe Solution add a drop of dilute sulphuric aeid 
and then some Solution of iodine in iodide of potassium or of pbospho- 
molybdic aeid. 

a. No preeipitate is formed. Absence of all alkaloids, possible 
presence of salicine, digitaline, Picrotoxine. Pass on to 5. 

* Where the detection of one of the five more frequently oecurring poisonous Alka- 
loids alone is the objeet, the followirig simple niethod, devised by J. Erdmann, will 
fully answer the purpose. 

In this method, which is more especially applicable in cases where the disposaMe 
quantity of substance is very small, the alkaloids are supposed to be present in the 
pure stäte and in the solid form. 

1. Treat the substance with 4 or 6 drop 8 of pure concentrated sulphuric aeid. 
Yellow color, speedily changing to red : Veratria. 

Rose color, changing afterwards to yellow : Brucia. 

The other alkaloids, if pure, impart no color to the sulphuric aeid. (See HU8B- 
MANN's Statement in Opposition, § 234, 5). 

2. No matter whether there is color or not. add to the fluid obtained in 1, 10 or SO 
drops of concentrated sulphuric aeid mixed with nitric aeid (see foot-note to § 238, 7)» 
then 2 or 3 drops of water. After a quarter or balf-hour the fluid shows : 

a. a violet-red color : Morph ia ; 
6. an onion-red color : Narcotina ; 

c. a transient-red tint, changing to yellow : Brücta ; 

d. the red color of the sulphuric aeid Solution of Vkratria is not materially altered); 

e. with Stkychnia no coloration is observed. 

3. Put into the fluid obtained in 2, no matter whether colored or not, 4 or 6 clean 
fragments of binoxide of manganese, of the size of a leutil. After an hour the fluid 
ßhowe : 

a. a mahogany-brown color : Morphia ; 

b. a yellowish-red to blood -red color : Narcotina ; 

c. a transient purple-violet tint, changing to deep onion-red : Strtchnia ; 

d. a transient red tint, changing to gamboge yellow : BrüCIA ; 

e. a dark dirty cherry-red color : Veratria. 

4. Pour the colored fluid obtained in 3, into a taat tube containing 4 timea the 
volume of water, and add ammouia until the neutralization point is almort attained« 
Heat must be as much as possible avoided in these Operations. 

a. dirty-yellow color changing tobrownish-red upon supersaturation with ammonia, 
without immediate deposition of a notable preeipitate : Morphia ; 

b. reddish coloration, more or less inteuse aecordin^ to the degree of dilution ; upon 
supersaturation with ammonia, copious dark-brown preeipitate : Narcotina ; 

c. violet-purple colored Solution, becomiug yellowieh-green to yellow upon additiou 
of ammonia in excess : Strtchnia ; 

d. gold-yellow Solution, not materially changed by excess of ammonia : Brugia; 

e. faint brownish Solution, turning yellowish upon further addition of ammonia, and 
deposiiiüg a greenish light-brown preeipitate : Veratria. 
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b. A preeipitate is formed. There is cause to suspect the presence 
of an alkaloid ; pass on to 2. 

2. To a portion of the aqueous Solution add dilute potassa or soda 
drop by drop, tili the fluid acquires a scarcely perceptiole alkaline rer- 
action, stir, and allow to stand for some time. 

a. No preeipitate is formed : this is a positive indication, if the 
Solution was concentrated, of the absence of all alkaloid s ; but 
if the Solution was dilute, there is a possibility that atropia may 
be present. Test further portions of the Solution therefore if neces- 
sary aecording to § 241 with terchloride of gold, tannic aeid, and 
heating with sulphuric aeid. 

b. A preeipitate is formed. Add potassa or soda drop by drop 
tili the fluid is strongly alkaline, and if it does not become clear, 
water also. 

a. The preeipitate disappears : morphia or atropia. Testafresh 
portion of the Solution with iodic aeid (§ 233, 10). 

aa. Separation of iodinc: morphia. Confirm by $ 233, 
7 & 8. 

hb. No Separation ofiodine : atropia. Confirm as in a. 
ß. The preeipitate does not disappear: presence of an alkaloid 
of the second or third group (atropia excepted). Pass on 
to3. 

3. To another portion of the original Solution add two or three drops 
of dilute sulphuric aeid, then a saturated Solution of bicarbonate of soda, 
tili the aeid reaction just vanishes ; stir actively with a glass rod, rubbing 
the sides of the vcssel and allow to stand half an hour. 

a. No preeipitate is formed: absence of narcotina and cinchonia. 
Pass on to 4. 

b. A preeipitate is formed: narcotina, cinchonia, perhaps also" 

2uina (since its preeipitation by bicarbonate of soda is entirely 
ependent on the amount of water present). To a portion of the 
original Solution add ammonia in excess, then a sufficient quantity 
of ether, and shake. 

a. The preeipitate redissolves in the ether, the clear fluid presenting 
two distinet layers. Narcotina or quina. To distinguish between 
them test a fresh portion of the original Solution with chlorina 
water and ammonia. If the Solution turns green, quina is- 
present, if yellowish-red, narcotina is present. To confirm 
for narcotina apply the test with sulphuric aeid containing nitric 
aeid (§ 234, 6). 

ß. The preeipitate does not redissolve in the ether: cinchonia. 
To confirm try the deportment on heating (§ 236, 3) or to ferro- 
cyanide of potassium (§ 236, 8). 

4. Put a portion of the original substance or of the residue obtained 
by evaporating the original Solution, in a watch-glass, and add concen- 
trated sulphuric aeid. 

a. A rose-colored Solution is obtained, which becomes intensely 
red upon addition of nitric aeid : brucia. Confirm by nitric aeid 
and protochloride of tin (§ 239, 6). 

b. A yellow Solution is obtained, which gradually turns yellowish^ 
red, blood-red, and crimson : veratiua. 

c. A colorless Solution is obtained, which remains colorless on 
standing. Add a fragment of Chromate of potassa, a dee^}ge 
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coloration indicates strychnia, no change indicates quina. 
Confirm by chlorine water and ammonia. 

5. To determine whether salicine, digitaline, or Picrotoxine are 
present, mix a fresh portion of the original Solution with tannic acid. 

a. A dirty white Jiooculemt precipitate: digitaline may be 
suspected. Test for it with sulphuric acid and bromine water 
(§ 244, 3). 

b. No precipitate is formed. Make a portion of the original 
Solution barely alkaline with soda Solution, add a Solution oltar- 
trate of copper and potassa, and warm. 

a. Suboxide of copper is thrown down : Picrotoxine may be sus- 
pected. Acidify a portion of the original Solution, add etiler, 
shake, pour off the ethereal layer, and let it evaporate. If 
Picrotoxine is present, it will remain, and may be further tested 
by§24ö. 

ß. No suboxide of copper is thrown down: salicine may be 
suspected. Test for it by boiling with dilute hydrochloric acid, 
&c., according to § 243, 4, and by concentrated sulphuric acid, 
according to § 243, 3. 



II. Detection of the non-volatile Alkaloids, &c., in Solu- 
tions WHICH MAY CONTAIN ALL THESE SUBSTANCES. 

§247. 

1. Acidify the Solution with hydrochloric acid, add pure ether free 
firom alcohol, shake, pour off the ether, and allow it to evaporate in a 
glass dish. 

a. No residue remains: absence of digitaline and Picrotoxine. 
Pass on to 2. 

b. A residue remains : digitaline and picrotoxine may be suspected 
(it must not be forgotten that other substances might pass into 
ethereal Solution under these circumstances, such as oxalic acid, 
tartaric acid, lactic acid, Otto). Add fresh ether to the aqueous 
residue, shake again and pour off, in order to remove whatever is 
soluble in ether as completely as possible, and let the ether eva- 
porate. Proceed with the aqueous residue according to 2, and 
treat the residue of the ether Solution, which may contain traces 
of atropia, as follows : — 

a. Dissolve a portion in alcohol, and allow the Solution to 
evaporate slowly : long silky needles radiating from a point in- 
dicate Picrotoxine. Connrm according to § 24ö. 

ß. Dissolve a portion in concentrated sulphuric acid, and add 
bromine water. A reddi&h color indicates diqitaline. Con- 
firmVv§244. 

y. Traces of atropia can only be recoffnised by the property 
of the aqueous Solution of the residue to dilate the pupil. 

2. To a portion of the aqueous Solution add a Solution of iodine 
in iodide of potassium, to ünother portion add some phosphomolybdie 
acid. 

a. A precipitate is producta inboth cases: alkaloids are indicated. 
Pass on to 3. 
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y 2f0 pr ecipi tat e is prodmced im eitkcr case: alkaloids are contra- 
indicated. Pass on to test for salicine aecording to § 243. 

3. To a small nortion of the aqueous Solution add potassa or soda 
tili just alkaline, ootenre whether or no a precipitate is produced, then 
add potassa or soda in good excess and dilute. 

a. No precipitate was prodmced by potassa or soda, or a precipitate so 
produced kos redissolved : presence of atropia or morphia, absence of 
all other alkaloids. Mix a fresh and larger portion of the aqueous 
Solution with bicarbonate of potassa or soda in excess, stir, and 
allow to stand some time. 

o. No precipitate is produced: absence of morphia. Shake the 

fluid with ether, separate the ether, allow it to evaporate, and 

test the residue for atropia by § 241, 6, 7, 8. 

ß. A precipitate is produced* morphia. Filter, treat the fil- 

trate aecording to o, to test for atropia, and test the precipitate 

for morphia aecording to § 233, 7 and 8. 

fr. A precipitate was produced by potassa or soda 9 which would not 
redissolve im excess of the preeipitant or by moderate düution : treat a 
larger portion of the aeidified aqueous fluid like the small portion 
above, and filter. Proceed with the precipitate aecording to 4. 
Shake the alkaline filtrate with ether, allow to stand for an hour 
(so that the morphia which has at first dissolved in the ether may 
separate again as completely as possible), and separate the ether. 
Allow the ether to evaporate, and test the residue for atropia 
aecording to § 241, ö, 7, 8. Separate the morphia from the 
aqueous layer by carbonic aeid (§ 233, 4) and test it aecording to 
§233, 7 and 8. 

4. Wash the precipitate filtered off in 3, b, with cold water. dis- 
solve it in slight excess of dilute sulphuric aeid, add Solution of uicar- 
bonate of soda tili the fluid is neutral, stir actively, rubbing the sides 
of the vessel, and allow to stand for an hour. 

a. No precipitate is forrned : absence of narcotina and cinchonia. 
Boil the Solution nearly to dryness, and take up the residue with 
cold water. If nothing insoluble remains, pass on to 6; if a 
residue does remain, examine it by 5 for quina (of which a small 
amount may be present) strychnia, brucia, and veratria. 

b. A precipitate is forrned. (This may contain narcotina, cin- 
chonia, and quina, compare § 24G, 3, b). Filter, proeeeding 
with the filtrate aecording to a, with the precipitate as fol- 
lows: — Wash it with cold water, dissolve in a little hydro- 
chloric aeid, add ammonia in excess, and then a sufficient quantity 
of ether. 

a. The precipitate has completely dissolved in the cther } and two 
clearlayers of fluid are forrned: absence of cinchonia, presence of 
quina or narcotina. Evaporate the ethereal Solution, take up 
Uie residue with a little livdrochloric aeid, add water tili the 
dilution is at least 1 : 200, then bicarbonate of soda tili neutral, 
and allow to stand for some time. A precipitate indicates 
narcotina: confirm by chlorine water and ammonia, also by 
sulphuric aeid containing nitric aeid (§ 234). Evaporate the 
clear fluid or the filtrate from the narcotina to dryness, and 
treat with water. If a residue remains, wash it, dissolve in 



868 DETECTION OP ALKALOIDS. [§ 247; 

hydrochloric acid, and add chlorine water and ammonia; a 
gTeen coloration indicates quina. 

ß. The precipitate has not dissolved in the ether } or not completely : 
cinchonia, perhaps also quina or narcotina. Filter, and test 
the ültrate as in a for quina and narcotina; the precipitate 
consists of cincbonia, and may be further tested according to 
§ 236, 3 or 8. 

5. Wash the insoluble residue of 4, a, with water, dry it in a water- 
bath, and digest with absolute alcohol. 

a. It dissolves completely : absence of strychnia, presence of 
(quina) brucia or veratria. Evaporate the alcoholic Solution on 
the water-bath to dryness, and, if quina has already been detected, 
divido the residue into two portions, and test one part for brucia, 
with nitric acid and protocnloride of tin (§ 239, 8), the other for 
veratria, by means of concentrated sulphuric acid (§ 240, 6) ; but 
if no quina has as yet been detected, divido the residue into three 
portions, a,b,c; examine a and b for brucia and veratria, in 
the manner Just stated, and o for quina, with chlorine water and 
ammonia. However, if brucia is present, dissolve e in hydro- 
chloric acid, add ammonia and ether, let the mixture stand for 
some time, evaporate the ethereal Solution, and examine the 
residue for quina. 

b. Tt does not dissolve, or at least not completely: presence of 
strychnia, perhaps also of (quina) brucia and veratria. Filter, 
and examine the ültrate for (quina) brucia and veratria as 
directed in a. The identity of the precipitate with strychnia is 
demonstrated by the reaction with sulphuric acid and Chromate of 
potassa (§ 238, 8). 

6. To the rest of the acidified Solution which has been exhausted 
with ether, add more hydrochloric acid and boil for some time. If a 
precipitate is formed, the presence of salicine is indicated. Confirnr 
py adding* Chromate of potassa to the precipitated fluid and boiling 
(§ 243, 4) and by testing the original substance with concentrated 
sulphuric acid (§ 243, 3). 



III. Detection of the Alkaloids and of Dioitaline ani> 
Picrotoxine in Presence of Extractive and Colorino 
Veoetable or Animal Matters. 

The presence of mucilaginous, extractive, and coloring matters 
renders the detection of the alkaloids a task of considerable difficultv. 
These matters obscure the reactions so much that we are even unable 
to determine by a preliminary experiment, whether the substance 
under examination contains alkaloids or not. I will now give several 
methods by means of which the Separation of the alkaloids from such 
extraneous matters may be effected, and their detection made practi- 
cable. Which of these methods to select will depend upon the parti- 
cular circumstances of the case. 
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1. Method op Sias* for the Detection op Poisonous 
Alkaloids (and of Digitaline and Picrotoxine), modified 
by J. Otto.f 

§ 248. 

Stas's process depends upon the following facts : 

a. The acid salts of the alkaloids are soluble in water and alcohol. 

ß. The neutral and acid salts of the alkaloids are generally in- 
soluble in ether. Hence salts of the alkaloids do not usually pass 
into ethereal Solution when the neutral or acid Solution is shaken 
with ether, and hence also the alkaloids pass into aqueous Solu- 
tion as acid sulphates when the ethereal Solution of the pure 
alkaloid is shaken with dilute sulphuric acid. 

y. If aqueous Solutions containmg the neutral or acid salts of 
alkaloids are mixed with caustic, carbonated or bicarbonated 
alkalies, the alkaloids are liberated, and if now ether or amylic 
alcohol is added and the mixture is shaken, the pure alkaloids pass 
into Solution in the latter fluid. 

It will be evident from the following that there are certain exceptions 
to these general rules. 

a. If you have to look for alkaloids in the contents of a 
stomach or intestines, in food, or generally in pappy matters, mix 
the substance with twice its weight of strong pure alcohol, and 
just enough tartaric acid to give a decided reaction, and warm to 
70° or 75 . Allow to cool thoroughly, filter, and wash with strong 
pure alcohol. 

If you have to deal with the heart, liver, lungs, or similar 
organs. cut them into fine shreds, moisten with the acidified 
alcohol, squeeze, repeat the Operation tili the substance is ex- 
haustea, and filter the mixed fluids. 

b. Evaporate the alcoholic fluids at a rather low temperature. 
This may be done on a water-bath, keeping the water at about 
80°. The Solution under these circumstances will not rise higher 
than 40° or 60°. If this temperature is considered too high, you 
may hasten the evaporation by blowing air across the surface of 
the Solution. Stas considers that the temperature should not ex- 
ceed 35° ; he therefore evaporates under a Dell-glass over sulphuric 
acid, with or without the aid of an air pump, or in a retort with 
a current of air passing through it. Such extreme cautdon, how- 
ever, is very rarely necessary ; at all events, the principal bulk of 
the fluid may always be evaporated off on a gently heated water- 
bath. 

If insoluble substances separate on evaporation (fat, &c), as 
indeed is usually the case, filter the now aqueous fluid through a 
moistened filter, and evaporate the filtrate and washings as above 
described to the consistence of an extract. If no insoluble sub- 
stances separate on evaporating the alcoholic fluid, you may, of 
course, at once evaporate to the consistence of an extract. 

♦ Ball, de l'Academie de M&lecioe de 1» Belgique, 9, 304— Jahrb. f. prakt. 
Pharm. 24, 318 — Jahresb. you Limio u. Kopp, 1851, 640. 

t AnnaL der Chem. u. Pharm. 100, 44— (hTO'B Anleit. bot Autmittel. der Gifte, 
8 ed., 33. 

I. B B 
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e. To the residue leit on evaporation, add gradually small por- 
tions of cold absolute alcobol, mix intimately, and nnally add a 
large quantity of alcohol, in order to separate everything that can 
be precipitated by it. Filter tbe alcobolic extract through a filter 
moistened witb alcohol, wasb tbe residue with cold alcobol, 
evaporate tbe alcoholic Solution at a low temperature (see above), 
take up tbe residue witb a little water, neutralize tbe greater 
part of tbe free acid witb dilute soda, leaving the Solution dis- 
tinctly acid, and sbake witb pure ether, free from alcobol and oil 
of wine (Otto). By tbe aid of a separating funnel, or an ordinary 
burette, separate tbe etber from the aqueous layer, and wash the 
latter again and again witb fresh etber, until tbe etber is no longer 
colored. The etber takes up besides coloring matters also Picro- 
toxine and digitaline (and colchicine). It is advisable to keep 
the first strongly colored etbereal extract apart from the subse- 
quent etbereal washings, so that they may be examined separately 
(compare Ä). 

d. Warm the aqueous Solution whicb has been separated from 
etber gently, to remove the dissolved ether, and add Solution of 
soda cautiously, tili the fluid gives a distinct reaction with turmeric 
paper. Tbe alkaloids are tbus Uberated, morpbia dissolving in die 
excess of soda. Shake the fluid with pure etber, and after half 
an hour or an hour, separate tbe two layers of fluid as in c. The 
ethereal extract contains tbe whole of the alkaloids, except 
morphia, only a small part of which dissolves in it. The amount 
of morphia dissolved by tbe ether is the smaller, the more com* 
pletely the acidified aqueous Solution was freed from dissolved 
etber, and the longer the time which was allowed to elapse be- 
tween tbe sbaking with ether and tbe Separation of the two layers 
of fluid. Allow a portion of the ethereal extract to evaporate in a 
large watch-glass, which should be heated to about 2ö or 30° (to 
prevent condensation of water). If no residue remains, no alkaloid 
was dissolved in tbe etber ; pass on to g. If a residue does re- 
main, its appearance will give you some idea of tbe nature of tbe 
alkaloid : tnus oily streaks which gradually collect to a drop, and 
when gently warmed give an unpleasant suffocating odor, would 
indicate a fluid, volatile base ; wbile again a solid residue, or a 
turbid fluid containing solid particles in Suspension, would indicate 
a non-volatile solid base. If the ethereal extract has left a residue, 
repeat the treatment of tbe aqueous fluid with fresh supplies of 
ether, tili a portion of the last ethereal washings leaves no residue 
on evaporation. Allow the mixed ethereal extracts to evaporate in 
a small glass dish placed upon a batb containing water at about 30°, 
keeping the little dish filled up by the addition of fresh quantities. 

Tbe aqueous fluid which contains the morpbia is to be examined 
according to g. 

c. If the acidified aqueous fluid in e has been well exhausted 
with ether, on the evaporation of tbe ethereal extract the alkaloids 
will remain in so pure a State, that the tests may be applied at 
once to the residue. If the residue consists of oily streaks or drops, 
complete the evaporation in a vacuum over sulphuric acid, in order 
to remove the remainder of the ether and ammonia, and then test 
for conia and nicotina according to p. 348. If the residue is crys- 
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talline, examine it under the microscope, and then test it according 
to § 246 or 247, unless the appearance of the crystals should indi- 
cate a particular alkaloid. It the residue consists of amorphous 
rings, dissolve it in absolute alcohol with the aid of a gentle heat, 
allow the Solution to evaporate slowly, observe whether any 
crystals are thus formed, and then proceed as directed. 

f* If, on the contrary, the acidified aqueous fluid in c has been 
insufficiently treated with ether, the residue obtained on the 
evaporation of the ethereal extract will not be pure enough to be 
tested at once. In this case dissolve it in water slightly acidified 
with sulphuric acid, filter if necessary, and shake repeatedly with 
ether (tue ethereal Solution may contain the remainder of the 
Picrotoxine and digitaline, and is to be treated like the ethereal 
Solution obtained in c), mix the aqueous Solution with potassa in 
good excess, and shake repeatedly with ether, as prescribed in d. 
Allow the ethereal extracts to evaporate, and proceed with the 
residue, thus puriiied, as in e ;* mix the aqueous fluid, which may 
contain the remainder of the morphia, with the fluid obtained in d. 

g. The alkaline fluid obtained in d, or in d and f, which must 
contain the whole or the greater part of the morphia, is treated as 
follows : — Add hydrochloric acid to acid reaction, then ammonia 
in excess, then without delay pure amylic alcohol, and shake.f 
As morphia is decidedly more readily soluble in warm amylic 
alcohol than in cold, it is advisable to dip the flask in warm water. 
Separate the two fluids by means of a funnel, and repeat the ex- 
traction with fresh quantities of amylic alcohol. Allow the amylic 
extracts to evaporate, and test the residue for morphia. If the 
residue is not pure enougrh, dissolve it in water acidined with sul- 
phuric acid, filter, shake with warm amylic alcohol, mix the 
aqueous fluid with ammonia, and shake with amylic alcohol. On 
evaporating this amylic extract the morphia will remain pure. 

h. The ethereal extracts obtained in c, or in c and/, have now to 
be tested for Picrotoxine and digitaline. The extracts also contain 
coloring matters, which are principally present in the first portions. 
It is therefore advisable to evaporate the first portions apart from 
the latter portions, and to examine the residues separateiy. 

Warm them with water, and filter the Solutions from the 
insoluble matter, which generally has a resinous character. If the 
Solutions possess an acid reaction, neutralize with some precipitated 
chalk, evaporate cautiously to dryness, exhaust the residue with 
ether, allow the extract to evaporate, treat the residue again with 

* As it appears that strychnia cannot be obtained pure in this way, Fa. Janssen 8 
recommends (Zeitschr. f. anal. Cbem. 4, 48) to mix the Solution in düute tartaric acid 
containing foreign substances, with finely powdered bicarbonate of soda, so that the 
fluid may be acidified with free carbonic acid only. If any precipitate is formed, this 
should be filtered off as quickly as possible. The strychnia is dissolved in the free 
carbonic acid, and will be precipitated by boiling tbe fUtrate and partially evaporating 
it. When it has been filtered off and washed, it is diBBolved in a srnall quantity of 
düute sulphuric acid (1 : 200), carbonate of potassa is added in excess, and the fluid is 
ehalten with six times its volume of ether, which is then poured off and allowed to 
eraporate. 

t Stas recommended ether only for the extraction of alkaloids, while L. v. Uslab 
and J. Erdmann (Anna! d. Chem. u. Pharm. 120, 121, and 122, 360) prefer the use 
of amylic alcohol only. However, it is best to employ both menstrua as directed in 
theteit. 

B B 2 
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water, and test the aqueous Solution thus obtained for digitaline, 
Picrotoxine, and traces of atropine, according to § 247, 1. (In the 
presence of colchicine the aqueous Solution would appear yellow.) 

2. Methods of detecting Strychnia, based upon the Usb 

of Chloroform.* 

§ 249. 

a. Rodgers and Girdwood's METHOD.f 

Digest the substance under examination with dilute hydrochloric acid 
(1 part of acid to 10 parts of water) and filter ; evaporate the filtrate on 
the water-bath to dryness, extract the residue with spirit of wine, evapo- 
rate the Solution, treat the residue with water, filter, snpersaturate the 
filtrate with ammonia, add 15 grm. of Chloroform, shaxe, transfer the 
Chloroform to a dish, by means of a pipette, evaporate on the water-bath, 
moisten the residue with concentratea sulphuric acid, to effect carboniza- 
tion of foreign organic matters, treat with water, afiter the lapse of several 
hours, then filter. Supersaturate the filtrate again with ammonia, and 
shake it with about 4 grm. of Chloroform. Repeat the same Operation 
until the residue left upon the evaporation of the Chloroform is no longer 
charred by sulphuric acid. Transfer the Chloroform Solution, which 
leaves a pure residue, drop by drop, by means of a capillary tube to the 
same spot on a heated porcelain dish, letting it evaporate, then test the 
residue with sulphuric acid and Chromate of potassa. Rodgers and 
Girdwood succeeded in detecting by this method so small a quantity 
of strychnia as the fl0 * 00 of a grain. 

b. Method recommended by E. ProUius.X 

Boil twice with spirit of wine, mixed with some tartaric acid, evapo- 
rate at a gentle heat, filter the residuary aqueous Solution througu a 
moistened filter, add ammonia in slight excess, then about 1 J grm. Chlo- 
roform, shake, free the deposited Chloroform thoroughly frorn the ley. 
by decanting and shaking with water, mix the Chloroform so purified 
with 3 parts of spirit of wine, and let the fluid evaporate. If tnere is 
any notable quantity of strychnia present, it is obtained in crystals. 

c. Method recommended by B. P. Thomas.% 

Acidify slightly with pure acetic acid|| (sp. gr. 1*041), and digest for 
several hours at a gentle neat, then strain, press, filter, add potassa in 
good excess, and shake with Chloroform. Separate the Chloroform, wash 
it from potassa, and evaporate* the strychnia will be found in the 
residue. The morphia remains in the potassa, and may be precipitated 
gradually by chlonde of ammonium. 

* These methods are no doubt usefol also for effecting the Separation of other 
alkaloids ; however, the deportment of the latter with Chloroform has not yet been 
ßufficiently studied. 

+ Liebio and Kopp*s Jahresbericht, 1857, 603. Pharm. Journ. Trans., 16, 497. 

t Chem. Centrale., 1857, 231. 

g Zeitachr. f. anal Chem. 1, 517. This method includes the detection of morphia. 

U Acetic acid ia recommended, as it also dissolyes the tannates of strychnia and 
morphia. 
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8. Method of effecting the Detectionof Strychnia in Beer, 

by Graham and A. W. Hof mann.* 

§250. 

This method, which is based on the known fact that a Solution of a 
salt of strychnia, when mixed and shaken with animal charcoal, yields 
its strychnia to the charcoal, will undoubtediy be found applicable also 
for the detection of other alkaloids. The process is conducted as 
follows : — 

Shake 30 grm. animal charcoal in 1 litre of the aqueous neutral or 
feebly acid fluid under examination ; let the mixture stand for from 12 
to 24 hours, with occasional shaking, Alter, wash the charcoal twice 
with water, then boil for half-an-hour with 120 c.c. of spirit of wine of 
80 — 90 per cent., avoiding loss of alcohol by evaporation. Filter the 
spirit of wine hot from die charcoal, and distil the filtrate ; add a few 
drops of Solution of potassa to the residual watery fluid, shake with ether, 
let the mixture stand at rest, then decant the supernatant ether. The 
ethereal fluid leaves, upon spontaneous evaporation, the strychnia in a 
State of suflicient purity to admit of its further examination by reagents. 
MACADAMf employed the same method in his numerous experiments 
to detect strychnia in the bodies of dead animals. He treated the 
comminuted matters with a dilute aqueous Solution of oxalic acid in the 
cold, filtered through muslin, washed with water, heated to boiling, 
filtered still warm, from the coagulated albuminous matters, shook witn 
charcoal, and proceeded in the manner just described. According to 
his Statements, the residue left by the evaporation of the alcoholic 
Solution was generally at once fit to be tested for strychnia. Where it 
was not so, he treated the residue again with Solution of oxalic acid, 
and repeated the process with animal charcoal. 

4. Separation by Dialysis. 
§ 251. 

The dialytic method devised by Graham, and described in § 8,may 
also be advantageously employed to effect tue Separation of alkaloids 
from the Contents of the stomach, intestines, &c. AcidifV with hydro- 
chloric acid, and place the matter in the dialyser. The alkaloids, being 
crystalloids, penetrate the membrane, and are found, for the greater 
part, afler 24 hours, in the outer fluid ; from this they may, then, 
according to circumstances, either be thrown down at once, after con- 
centration by evaporation ; or they may be purified by one of the above 
described inethods. 



IL 

General Plan of the Order in which Substances 
should be analysed for practice. 

§252. 

It is not a matter of indifference whether the Student, in analysing 
for tlie sake of practice, follows no rule or order whatever in the 

• Chem. Soc. Quart. Joura., 5, 173. + Pharm. Jouro. Trana., 16, 120, 160« 
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selection of the substances which he intends to analyse, or whether, on 
the contrary, his investigations and experiments proceed svstematically. 
Many ways, indeed, may lead to the aesired end, but one of them will 
invariably prove the shortest. I will, therefore, here point out a course 
which experience has shown to lead safely and speedily to the attain- 
ment of tne object in view. 

Let the Student take 100 Compounds, systematically arranged (see 
betont), and let him analyse these Compounds successively in tne order 
in which they are placed. A careful and diligent examination of these 
will be amply sufficient to impart to him the necessary degree of skill in 
practical analysis. When analysing for the sake of practice only, the 
Student must above all things possess the means of verifying the results 
obtained by his experiments. The Compounds to be examined ought, 
therefore, to be mixed for him by a friend who knows their exact com- 
position. 

A. Front 1 to 20. 

Aqueous Solutions of simple salts : e.g. } sulphate of soda, 
nitrate of lime, chloride of copper, &c. These investigations will serve 
to teach the Student the method of analysing substances soluble in 
water which contain but one base. In these investigations it is only 
intended to ascertain which base is present in the fluid under examina- 
tion ; but neither the detection of the acid, nor the proof of the absence 
of all other bases besides the one detected, is required. 

B. From 21 to 00. 

Salts, etc., containing one base and one acid, or one 
metal and one Metalloid (in form of powder): e.g., carbonate of 
baryta, borate of soda, phosphate of lime, arsenious acid, chloride of 
sodium, bitar träte of potassa, acetate of copper, sulphate of buryta, 
chloride of lead, <fcc. These investigations will serve to teach the 
Student how to make a preliminary examination of a solid substance, by 
heating in a tube or before the blowpipe ; how to convert it into a 
proper form for analysis, i.e., how to dissolve or decompose it ; how to 
detect one metallic oxide, even in substances insoluble in water ; and how' 
to demonstrate the presence of one acid. The detection of both the 
base and the acid is required, but it is not necessary to prove that no 
other bodies are present. 

C. From, öl to 6ö. 

Aqueous or acid Solutions of several bases. These inves- 
tigations will serve to teach the Student the method of separating and 
distinguishing several metallic oxides from each other. The proof is 
required that no other bases are present besides those detected. No 
regard is paid to the acids. 

D. From 66 to 80. 

Dry mixtures of every description. A portion of the salts 
shoulcl be organic, another inorganic: a portion of the Compounds 
soluble in water or hydrochloric acid, another insoluble ; e.g. y mixtures 
of chloride of sodium, carbonate of lime, and oxide of copper :— of phos- 
phate of magnesia and ammonia, and arsenious acid ; — of tartrate of 
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lime, Oxalate of lime, and sulphate of baryta ; — of phosphate of soda, 
nitrate of ammonia, and acetate of potassa, &c. 

These investigations will serve to teach the Student how to treat 
müttures of different substances with solvent« ; how to detect several 
acids in presence of each other ; how to detect the bases in presence 
of phosphates of the alkaline earths ; — and thej will serve as a general 
introduction to scientific and practical analysis. All the component 
parts must be detected, and the nature of the substance ascertained. 

E. Fratn 81 to 100. 

Native Compounds, articles of commerce, &c. Mineral and 
other waters, minerals of every description, soils, potash, soda, alloys, 
colors, &c. 



III. 

Arrangement of the results of the Analyses performed 

for Practice. 

§2ö3. 

The manner in which the results of analytical investigations ought 
to be arranged is not a matter of indifference. The following examples 
will serve to illustrate the method which I have found the most suitable 
in this respect. 



Plan of arranoinq the Results of Experiments, Nos. 1 — 20. 

Colorless fluid of neutral reaction. 



HCl 

no precipitate, 

consequently no 

AgO 

Hg,0 



HS 

no precipitate, 
noPbO 
„ HgO 
CuO 
BiO. 



ff 



"„ CdÖ* 



}> 
» 
» 

n 



AsO, 

AsO. 

SbO, 

SnO, 

SnO 

AuO, 

PtO, 



NH t S 
no precipitate, 
noFeO 
MnO 
NiO 
CoO 
ZnO 



ff 
ff 



ff 



„ AI, 0, 
„ Cr, 0, 



NH 4 0,C0,and 

NH 4 C1 
A white precipitate , 
consequently either 
BaO,SrO, orCaO, 
no precipitate by 
Solution of sul- 
phate of lime, 
consequently 

LIME. 

Confirmation by 
O 



„ Fe,O t 
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Plan of arranging the Results of Experiments, Nos. 21 — 50. 

White powder, fusing in the water of crystallization upon application 
of heat, then remaining unaltered — soluble in water — reaction 
neutral. 



HCl 

no preci- 
jntate. 



HS 

no preci- 

pitate. 



NH 4 S 

noprecipi- 
täte» 



N ILO, C 0„ 

andNH 4 CI 

no precipi- 

tate. 



2NaO,HO,PO,and 

NH 4 

a white precipüate, 

consequenüj 

MAGNESIA. 



Tlie detected base being MgO, and the analysed substance being 

soluble in water, the acid can only be Cl, I, Br, S CL N § , A, &c. The 
preliminary examination has proved the absence of the organic acids 
and of nitric acid. 

Ba Cl produces a white precipitate which H Cl feils to diesolve ; 
consequently sulphuric acid. 
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IV. 



TABLE 

07 THE 

MORE FREQUENTLY OCOUBBINO FOBMS AND 
COMBINATIONS OF THE SUBSTANCES TREATED OF IN THE 

PRESENT WORK, 

ARBAVGZD 
WITH B8PBCIAL RIOABD TO THI 0LA8S TO WBIOH THIT BISPICTIVXLT BKLONO 

ACCOBDIHG TO THUR SOLUBILITY 

IN WATER, IN HYDROCHLORIC ACID, IN NITRIC ACID, 
OR IN NITROHYDROCHLORIC ACID. 



§ 254. 

PRELIMINARY RBMARKS. 

The class to which the severe! Compounds respectively belong ac- 
cording to their solubility in water or acids (see § 179), is expressed by 
figures. Thus 1 or I means a substance soluble in water ; 2 or II a 
suDstance insoluble in water, but soluble in hydrochloric acid, nitrio 
acid, or nitrohydrochloric acid ; 3 or III a substance insoluble in water, 
in hydrochloric acid, and in nitric acid. For those substances which 
stand as it were on the limits between the various classes, the figures 
of the classes in question are jointly expressed : thus 1 — 2 signmes a 
substance sparingly soluble in water, but soluble in hydrochloric acid 
or nitric acid ; 1—3 a body sparingly soluble in water, and of which the 
solubility is not notably increased by the addition of acids ; and 2 — 3 
a substance insoluble in water, and sparingly soluble in acids. "Wher- 
ever the deportment of a substance with hydrochloric acid differs ma- 
terially from that which it exhibits with nitric acid, this is stated in the 
notes. 

The Roman figures denote officinal and more commonly occurring 
Compounds. 



§ 254.] SOLUBILTTY. 879 

The haloid salts and sulphur Compounds are placed in the columns 
of the corresponding oxides. The salts given are, as a general rule, the 
neutral salts ; the basic, acid, and double salts, if omcinal, are men- 
tioned in the notes ; the small figures placed near the correspondinjr/ 
neutral or simple salts refer to these. 
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NOTES TO TABLE OF SOLUBILITY. 

1. Dichromat« of potassa I. 

3. Binulphate of potassa I. 

3. Tartarized borax I. 

4. Binoxalate of potassa I. 
ö. Bitartrate of potassa I. 

6. Tartrate of ammonia and potassa I. 
?. Tartrate of soda and potassa I. 
8. Phosphate of soda and ammonia I. 
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0. Biborate of soda I. 

10. Bicarbonate of soda I. 

11. Basic phosphate of lime II. 

12. Phosphate of ammonia and magnesia II. 

13. Sulpnate of alumina and potassa I. 

14. Sulphate of alumina and ammonia I. 

15. Sulphate of sesquioxide of chromium and potassa I. 

16. Sulphide of zinc readily in nitric acid, rather difficultly in hydro- 

chloric acid. 

17. Peroxide of manganese readily in hydrochlor.'c acid, not in nitric acid. 
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18. Sulphide of nickel rather readily in nitric acid, with great difficnlty 

in hydrochloric acid. 

19. Sulphide of cobalt like sulphide of nickel. 

20. Sulphate of protoxide of iron and ammonia I. 

21. Chloride of arsenic and ammonium I. 

22. Tartrate of sesquioxide of iron and potassa I. 

23. Sulphide of silver in nitric acid only. 

24. Minium is converted by hydrochloric acid into ehloride of lead, by 

nitric acid into protoxide, which dissolves in excess of acid, and 
into brown peroxide, which is insoluble in nitric acid. 
2ö. Trisacetate of lead I. 

26. Mercurius solubilis Uahnemanni II. 

27. Basic sulphate of oxide of mercury II 

28. Double cnloride and amide of mercury II. 

29. Sulphide of mercury, not in hydrochloric acid, not in nitric acid, 

out in warm aqua regia. 
SO. Sulphate of copper and ammonia I. 

31. Sulphide of copper difficultly in hydrochloric acid, readily in nitric 

acid. 

32. Basic acetate of copper partdally in water, completely in acidß. 

33. Basic ehloride of bismuth II. 

34. Basic nitrate of bismuth II. 
3ö. Chloride of sodium and gold I. 

36. Sulphide of gold, not in hydrochloric acid nor in nitric acid, but in 

warm aqua reffia. 

37. Potassio-bichloriae of platinum 1-3. 

38. Ammonio-bichloride ot platinum I-III. 

39. Sulphide of platinum, not in hydrochloric acid, scarcely in boiling 

nitric acia, but in warm aqua regia. 

40. Chloride of ammonium and tin I. 

41. Proto8ulphide and bisufphide of tin in warm hydrochloric acid, 

converted by nitric acid into binoxide, which is insoluble in 
excess of the acid. Sublimed bisulphide of tin only in warm 
aqua regia. 

42. Teroxide of antimony in hydrochloric acid, not in nitric acid. 

43. Basic ehloride of antimony II. 

44. Sulphide of antimony in hydrochloric acid, particularly on heating; 

decomposed but only very partially dissolved by nitric acid. 
4ö. Sulphide of antimony and calcium I-II. 
46. Tartrate of antimony and potassa I. 
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ACETATES, properties, 218 
— reactions, 218 
Acetic acid, detection, 220 

— properties, 218 

— puriücatioü, 40 

— reactions, 218 

— testa of purity, 89 
— - uses as reagent, 40 
Acids, grouping, 170 

Albumen on metaphpsphoric acid, 180 

— on phosphoric acid, 180 

— on pyrophosphoric acid, 180 
Alcohol, preparation of absolute, 85 

— testa of purity, 35 

— uaes as reagent, 36 

— on acetates, 219 

— on Chromates, 172 

— on formates, 220 

— on osmic acid, 141 
Alkalies, properties, 81 
Alkaline earths, properties, 89 
Alloys, analysis, 235 

— preliminary examination, 231 
Alnmina, decomposition of insolable Com- 
pounds, 99 

— properties, 99 

— reactions, 99 

— Separation from sesquioxide chrominm, 

102 
Alumina carbonate, properties, 100 
Alnmina photpbate, properties, 100 
Alnmina Balte, properties, 99 
Aluminium, properties, 99 
Ammonia, detection of minute quantities, 87 

— Nbssleb's tert, 87 

— preparation of Solution, 51 

— properties, 85 

— reactions, 85, 87 

— Separation from other alkalies, 86 

— tests of purity, 51 

— nses as reagent, 51 

— on alnmina salts, 100 

— on antimony salts, 150 

— on baryta salts, 90 

— on berylla salts, 103 

— on bismnth salts, 186 

— on cadminm salts, 138 

— on ceriuin salts, 106 

— on chrominm salts, 101 

— on cobalt salts, 118 



Ammonia, on eopper salts, 134 

— on didyminm salts, 107 

— on gold salts, 143 

— on hydrofluosilicic acid, 176 

— on indium salts, 126 

— on iron protoxide salts, 120 

— on iron sesquioxide salts, 121 

— on lanthanium salts, 107 

— on lead salts, 130 

— on lime salts, 93 

— on magnesia salts, 95 

— on manganese salts, 114 

— on mercury chloride, 87 

— on mercury chloride and soda carbonate, 

87 

— on mercury and potassium iodide, 87 

— on mercury oxide salts, 133 

— on mercury subsalts, 129 

— on nickel salts, 116 

— on niobic acid, 110 

— on osmic acid, 141 

— on palladium salts, 140 

— on rhodium salts, 140 

— on silyer salts, 128 

— on strontia salts, 91 

— on tantalic acid, 109 

— on thallium protoxide salts, 125 

— on thoria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on titanic acid, 108 

— on uranium salts, 124 

— on yttria salts, 105 

— on zinc salts, 112 

— on zirconia salts, 104 
Ammonia bitartrate, properties, 85 
Ammonia carbonate, preparation of Solution, 

58 

— tests of purity, 58 

— uses as reagent, 58 

— on alumina salts, 100 

— on antimony salts, 150 

— on baryta salts, 90 

— on berylla salts, 108 

— on bismuth salts, 136 

— on cadmium salts, 138 

— on cerium salts, 106 

— on chrominm salts, 101 

— on didymium salts, 107 
I — on indium salts, 126 
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Ammonia carbonate, on lanthanium salts, 
107 

— on lime salts, 93 

— on magnesia salts, 96 

— on Btrontia salts, 91 

— on thallinm protoxide salts, 125 

— on thoria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on uranium salts, 124 

— on yttria salts, 105 

— on zinc salts, 112 

— on zirconia salts, 104 
Ainmonia molybdate, preparation, 60 

— nses as reagent, 61 

— on arsenio acid, 179 

— on phosphoric acid, 179 

— on pyrophosphoric acid, 180 

— on silicic acid, 179 
Ammonia Oxalate, preparation, 56 

— preparation of Solution, 57 

— teste of pnrity, 67 

— nses as reagent, 57 

— on baryta salts, 90 

— on indium salts, 126 

— on lime salts, 93 

—- on magnesia salts, 96 

— on strontia salts, 92 

Ammonia phosphomolybdate, properties, 179 
Ammonia salts, properties, 85 
Ammonia vanadate, properties, 127 
Ammonium chloride, preparation of solu- 
tion, 61 

— pnrification, 61 

— tests of purity, 61 

— uses as reagent, 61 

— on iridium salts, 166 

• — on platinum salts, 144 

— on ruthenium salts, 141 

— on Silicates, 189 

— on vanadates, 127 

Ammonium and platinum chloride, pro- 
perties, 85 
Ammonium Sulpiride, action of air, 54 

— action of acid on yellow, 55 

— nature of yellow, 55 

— preparation, 54 

— tests of pnrity, 55 

— uses as reagent, 55 

— on antimony salts, 150 

— on arsenic acid, 162 

— on arsenions acid, 155 

— on berylla salts, 108 

— on bismuth salts, 136 

— on Chromates, 172 

— on cobalt salts, 117 

— on cyanides, 198 

— on gold salts, 143 

— on indium salts, 126 

— on iridium salts, 166 

— on iron protoxide salts, 119 

— on iron sesquioxide salts, 121 

— on manganese salts, 113 

— on mercury snbsalts, 129 

— on molybdic acid, 167 



Ammonium sulphide, on nicxel salts, 115 

— on niobic acid, 110 

— on palladium salts, 140 

— on platinum salts, 144 

— on ruthenium salts, 142 

— on silver salts, 128 

— on tantalic acid, 109 

— on tballium protoxide salts, 125 

— on thoria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on titanic acid, 108 

— on tungstates, 168 

— on uranium salts, 124 

— on vanadates, 126 

— on vanadic acid, 126 

— on yttria salts, 105 

— on zinc salts, 112 

— on zirconia salts, 104 
Analysis, course, 225 

— remarks on course. 327 

— arrangement of results, 875 

— of simple Compounds wben soluble in 

water, 236 

— of simple Compounds when soluble in 

acids, 245 

— of simple Compounds when insoluble, 

249 

— of complex Compounds when soluble, 

251 

— of complex Compounds when insoluble, 

278 
Antimonates, properties, 149 
Antimonetted hydrogen, propertiea, 151 

— Separation from arsenetted hydrogen, 

164 

— on silver nitrate, 164 
Antimonic acid, properties, 149 

— Separation from antimony teroxide, 165 
Antimony, properties, 148 

— reactions, 149 

— Separation from tin and arsenic, 163 
Antimony oxides, properties, 149 
Antimony salts, properties, 149 
Antimony teroxide, Separation from anti- 
monic acid, 165 

Antimony tersulpbide, properties, 150 
Apparatus, list, 31 
Aqua regia, nature, 42 

— preparation, 42 

— nses as reagent, 43 
Arsenates, properties, 161 
Arsenetted hydrogen, properties, 156 

— Separation from antimonetted hydrogen. 

164 

— on silver nitrate, 164 

Arsenic, detection in poisoning oases, 308 

— garlic odor, 161 

— Marsh's test, 156 

— properties, 152 

— Rkinsoh's test, 155 

— Separation from tin and antimony, 163 
Arsenic acid, properties, 161 

— reactions, 161 

— Separation from arsenions acid, 166 
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Anenio pentasulpbide, formation, 162 

— Separation from arsenic tersulphide, 165 
Arsenic teraulphide, properties, 153 

— Separation from arsenic pentasulphide, 

165 
Arsenious acid, properties, 153 

— best way to identify when pure, 158 

— reactions, 153 

— Separation from arsenic acid, 165 
Anenites, properties, 153 

Aflh, analysis, 323 

Atropine, detection, 361, 364, 366, 369 

— properties, 360 

— reactions, 361 

— salts, properties, 360 



T> A.RIUM chloride, preparation from heavy- 
JJ spar, 64 

— preparation from witberite, 64 

— preparation of Solution, 64 

— tests of pority, 64 

— ose« as reagent, 64 

— on benzoates, 217 

— on borates, 181 

— on carbonates, 189 

— on hydrofluoric acid, 133 

— - on hydroflaosilicic acid, 176 

— on hypophosphites, 205 

— on hyposulphites, 174 

— on iodates, 174 

— on Oxalates, 182 

— on Perchlorates, 209 

— on phosphoric acid, 177 

— on pbosphoroos acid, 187 

— on pyrophosphoric acid, 180 

— on selenious acid, 169 

— on saccinateB, 216 

— on salphates, 175 

— on snlphites, 173 

— on tnngstates, 168 

— on yanadates, 126 
Barium fluoride, properties, 183 
Barium silico fluoride, properties, 90 
Baryta, preparation of crystals, 51 

— preparation of dry hydrate, 75 

— preparation of Solution, 52 

— properties, 89 

— reactions, 90 

— Separation from other alkaline earths, 

97 

— and strontia, detection of minate quaii- 

tities in presence of lime, 98 

— teste of purity, 52 

— nses as reagent, 52 

— uses as flux, 75 

— on carbonic acid, 188 

— on magnesia salts, 95 
Baryta acetate on citrates, 212 
Baryta borate, properties, 181 
Baryta carbonate, preparation, 65 

— properties, 90 

• — teste of purity, 65 

— nses as reagent, 65 

— on alumina salts, 100 



Baryta carbonate, on berylla salts, 103 

— on cerium salts, 106 

— on chromium salts, 101 

— on cobalt salts, 118 

— on didymium salts, 107 

— on Indium salts, 126 

— on iron protoxide salts, 12Ö 

— on iron sesquioxide salts, 122 

— on lanthanium salts, 107 

— on mauganese salts, 114 

— on nickel salts, 116 

— on thoria salts, 103 

— on titanic acid, 108 

— on uranium salts, 124 

— on yttria salts, 105 

— on rinc salts, 112 

— on zirconia salts, 104 
Baryta Chromate, properties, 91 
Baryta citrate, properties, 212 
Baryta iodate, properties, 174 
Baryta ni träte, preparation, 65 

— preparation of Solution, 65 

— teste of purity, 65 

— uses as reagent, 65 

Baryta Oxalate, properties, 90, 182 
Baryta phosphate, properties, 90 
'Bjtryta pyrophosphate, properties, 180 
Baryta salts, properties, 90 
Baryta selenite, properties, 169 
Baryta sulphate, properties, 90 
Bases, groups, 81 

— of group 1, properties, 81 

— of group 2, properties, 89 

— of group 3, properties, 98 

— of group 4, properties, 111 

— of group 5, properties, 127 

— of group 6, properties, 142 

— oxygen, Classification, 48, 81 

— oxygen, definition, 48 

— oxygen, properties, 48 

— .sulphur, definition, 48 

— sulphur, properties, 48 
Benzoates, properties, 217 

— reactions, 217 
Benzoic acid, detection, 217 

— properties, 217 

— reactions, 217 

Berylla, detection in analytical course, 339, 
340 

— occurrence, 103 

— properties, 103 

— reactions, 103 

Berylla carbonate, properties, 103 
Berylla salts, properties, 103 
Berzelius lamp, 19 
Bismuth, properties, 136 

— purification from arsenic, 53 

— reactions, 136 

— Separation from other members of Gr. 5. 

Div. 2, 138 
Bismuth, basic chloride, properties, 137 
Bismuth, basic nitrate, 53 
Bismuth carbonate, properties, 136 
Bismuth Chromate, properties, 136 
Bismuth hydrate, preparmtioa, 53 
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Bismath hydrate, test of purity, 54 

— uses as reagent, 54 
Bismuth oxides, properties, 136 
Bismuth and potaasium iodide, as reagent 

for alkaloid8, 844 

— preparation, footnote, 344 
Bismuth salts, properties, 136 
Bismath tersulphide, properties, 186 
Blowpipe, 15 

— flarae, 16 

Boiling, action on titanic aoid Solution, 

108 
Boracio acid, detection, 186 

— lo88 on evaporation, 186 

— properties, 180 

— reactions, 181 
Borates, properties, 180 
Borax, tests of purity, 77 

— uses as flux, 78 

Borax bead, testing with, 78 

— with cerium salts, 106 

— with chromium salts, 102 

— with cobalt salts, 119 

— with copper salts, 135 

— with didymium oxide, 107 

— with erbium oxide, 106 

— with iron salts, 120 

— with manganese salts, 115 

— with nickel salts, 116 

— with araniam salts, 124 

— with vanadic acid, 127 

— with yttria, 105 

— and copper oxide with tin salts, 147 
Boron fluoride, formation, 182 
Bromides, reactions, 193 

— insolable, decomposition, 194 
Bromine, detection, 202 

— properties, 193 

— reactions, 193 

Brucine, detection, 361, 364, 866, 869 

— properties, 358 

— reactions, 358 

— on chlorates, 208 

— on nitrates, 207 
Brucine salts, properties, 358 
Bansen flame, parts, 23 
Bansen lamp, 20 

— improved, 22 

Butyric acid, detection, 221 

— properties, 221 

— reactions, 221 



fADMIUM, properties, 137 

^ — reactions, 137 

— Separation from other members of Gr. 5, 

Dir. 2, 138 
Cadmium carbonate, properties, 138 
Cadmium oxide, properties, 137 
Cadmium and potaasium iodide, as reagent 

for alkaloids, 344 
— - preparation, footnote, 344 
Cadmium salts, properties, 137 
Cadmium salphide, properties, 138 
Cffsia, detection in analytical course, 840 



Csesia, rubidia, and lithia, detection in pre- 
sence of mach potassa and soda, 89 

— and rubidia, düference from potassa, 87 

— distribution, 87 

— reactions, 87 

Csesia alum, solubility, 88 

Ceesia bitartrate, solubility, 88 

Csesia carbonate, solubility in alcohol, 88 

Csesium and platinum chloride, solubility, 

87 
Calcium, reactions, 93 
Calcium chloride, preparation, 66 

— preparation of Solution, 66 

— tests of purity, 66 

— uses as reagent, 66 

— on carbonates, 189 

— on citrates, 211 

— on hydrofluoric acid, 184 

— on hypophosphites, 205 

— on malates, 213 

— on phosphorous acid, 187 

— on racemates, 215 

— on succinates, 216 

— on tartrates, 210 

— on tungstates, 168 
Calcium fluoride, properties, 184 

— uses as reagent, 75 

— and potassa bisulphate with borates, 181 
Calcium salts, properties, 93 

Carbolic acid, and sulphuric acid on nitratei) 

207 
Carbon, properties, 187 
Carbonates, properties, 188 

— reactions, 188 
Carbonic acid, detection, 191 

— properties, 188 

— reactions, 188 

— on soda niobate, 110 

— on tantalates, 110 

Carbon bisulphide, tests of purity, 36 

— uses as reagent, 36 

— as solvent for bromine, 193 

— as solvent for iodine, 196, 203 
Cassius, purple, 143 

Cerite, decomposition, 106 
Cerium, detection in analytical course, 389, 
340 

— occurrence, 106 

— reactions, 106 

— Separation from lanthaniom and didy- 

mium, 107 
Cerium oxides, properties, 106 
Cerium protoxide and potassa snlphate, 

properties, 106 
Cerium salts, properties, 106 
Charcoal, 18 
Chlorates, properties, 207 

— reactions, 207 
Chloric acid, detection, 208 

— properties, 207 

— reactions, 207 

Chlorides, insolable, decomposition, 192 

— properties, 192 

— reactions, 192 
Chlorine, detection, 202, 203 
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Chlorine, detection of free, 191 
• — preparation, 42 

— preparation of Solution, 42 

— preservation of Solution, 42 
• — properties, 191 

— purification, 42 

— reactions, 192 

— uses as reagent, 42 

— on bromides, 193 

— on ceriuin salts, 106 

— on iodides, 196 

— on iridium and sodium chloride, 166 

— on niobic acid and oharcoal, 110 
*— on osmium, 141 

— on sulphites, 173 

— on tantalic acid and charcoal, 109 

— on titanic acid and charcoal, 109 
•C^lorites, properties, 205 

— reactions, 205 
Chlorochromic acid, properties, 192 
-Chloroform, tests of purity, 36 

— uses as reagent, 36 
Chlorous acid, properties, 205 

— reactions, 205 
•Chromates, insolnble, decomposition, 172 

— properties, 171 

— reactions, 171 

Chrome iron stone, decomposition, 281 
Chromic acid, detection, 173 

— detection of minute quantities, 173 

— properties, 171 

— reactions, 171 

— on hyposulphites, 174 
« — on sulphites, 173 
Chxomium, detection of minute quantities, 

173 

— reactions, 101 

< — Separation from aluminium, 102 
Chrominm carbonate, properties, 101 
Chromium Chromate, i'ormation, 172 
Chroinium salts, properties, 101 
Chromium sesquioxide, properties, 101 

— reactions, 101 

— Separation from alumina, 102 
Cinchonine, detection, 355, 364, 366 

— properties, 354 

— reactions, 354 
Cinchonine salts, properties, 354 
-Citrates, properties, 211 

— reactions, 211 
Citric acid, detection, 214 

— properties, 211 

— reactions, 211 
•Cobalt» properties, 117 

— reactions, 117 

— Separation from other members of Gr. 4, 

122 
Cobalt ferricyanide, properties, 118 
Cobalt ferrocyanide, properties, 118 
Cobalticyanide potassium, formation, 118 
Cobalt nitrate, preparation, 79 

— tests of purity, 79 

— uses as reagent, 79 

— with alumina salts, 100 
~- with berylla salts, 103 

C C 



Cobalt nitrate, with zinc salts, 113 

Cobalt oxide, properties, 117 

Cobalt and potassium Cyanide, propertief. 

118 
Cobalt salts, properties, 117 
Cobalt sesquioxide, properties, 117 
Cobalt sesquioxide and potassa nitrite, 

118 
Cobalt sulphide, properties, 117 
Colloids, definition, 10 
Condenser, Liebig's, 12 
Couine, detection, 348 

— properties, 347 

— reactions, 348 

Conine salts, properties, 347 
Copper, properties, 133 

— reactions, 134 

— Separation from other members of Gr# 

5, Div. 2, 138 

— uses as reagent, 53 

— on araenic acid, 162 

— on araeniou8 acid, 155 

— on mercury salts, 129 

— on molybdic acid, 167 

— on nitric acid, 206 

— on seleniouB acid, 169 

— on sulphurous acid, 173 
Copper arsenide, properties, 155 
Copper carbonate, basic, properties, 184 
Copper ferrocyanide, properties, 135 
Copper oxide, properties, 133 

Copper salts, properties, 134 
Copper subiodide, properties, 195 
Copper subsulphocyanide, properties, 185 
Copper sulphate, preparation, 69 

— preparation of Solution, 69 

— tests of purity, 69 

— uses as reagent, 70 

— on araenic acid, 162 

— on arsenious acid, 155 

— on arsenious acid and potassa, 155 

— on femcyanides, 200 

— on ferrocyanides, 199 

— on iodides and sulphurous acid, 195 
Copper sulphide, properties, 134 
Crucibles, platinum, rules for using, 14 
Crystallization, 5 

Crystalloids, definition, 9 
Cyanides, insolnble, analysis, 282 

— properties, 197 

— reactions, 197 
Cyanogen, detection, 202 

— detection in mercury Cyanide, 199 

— properties, 197 

— reactions, 197 



TYA.HLIA paper, preparation, 72 
-^ — uses as reagent, 72 
Decantation, 8 

— washing by, 9 
Deflagration, 15 

— of chlorates, 207 

— of nitrate«, 206 
Dialyser, 10 

2 
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Dialj«U,9 
Didjnaiaaa, deUrivm n 

— oerrrremt*, VfJ 

— «aide, propertiea, 107 

— oxide, reaetkaje, 107 

— aaha, propertiea, 107 
Potain*, deteet»», 364, 3*6, 34* 

— pfoperUea, 362 

— reaetkaje, 362 
ItietilJaiioo, 12 

EARTH3, aflcafine, propertaes, 89 
Erbium, deteetk» in aaalytkal 

— oeevrrenee, 105 

— reactiona, 105 

— separatio« fn>m yttrimn, 106 

— btunc nitrate, propertiea, 105 

— Oxalate, propertiea, 105 

— oxide, propertiea, 105 

— salts, propertiea, 105 

— solpbaie, propertiea, 105 
Kteaing lest for fluorine, 184 
Biber, teste of poritj, 86 

— dm as reagent, 86 

— asetic, formation, 219 
Eraporation, 11 
Excess, meaniog, 83 
Exereiaes, plan, 373 



FKRRICYANIDES, insolnble, deeompon- 
tion, 200 

— properties, 200 
Ferricyanogen, reactiona, 200 
Ferrocyanides, insolnble, decompoeition, 199 

— properties, 199 
Ferrocyanogen, reactions, 199 
Filtering paper, 7 

— porificaiion, 8 
Filt«r sUnd, 8 
Filtert, waabing, 8 
Filtration, 7 
Flame, parta, 16 

— oxidizing, 17 

— reducing, 17 

Flame coloratioo, examination, 26 

— of baryta salts, 91 

— of baryta aalta with aloohol, 91 

— of boracic acid with alcohol, 181 

— of boracic acid with potaaaa bisnlphaie 

and calcium flnoride, 181 

— of caesium aalta, 87 

— of Chlorides with alcohol, 181 

— of copper salts, 135 

— of copper salts with alcohol, 181 

— of indium salts, 126 

— of lime salts, 94 

— of lime salts with alcohol, 94 

— oflithia salts. 88 

— of osmium salts, 141 

— of potaaaa salts, 83 

— of uotaaaa rnlts with alcohol, 88 

— of rabidium salts, 87 
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fninratin» *i auim, aaha, 84 

— of aoda aaits wiak llnafcif, 34 

— of scrootca salsa, §& 

— of dudfiam aalta, 125 
Plaste leactnos, BranrX 24 

— of antnaway, 152 

— of Kawtfc, 137 

— of eadaaiasa, 133 

— ofeofcsJt, 119 

— of 0*1,144 

— of insa, 120 

— of lead, 131 

— of ■■■gimraf, 117 

— ofaeksäasa, 169 

— of aihcr, 128 

— of tellvriasa, 168 

— of rioc, 113 
Flaoridea, propertiea, 183 
Fraorine, deteetiosi ia aißeatea, 185 

— reaetma, 183 

— in salpomrie acid, /oofsjese, 184 
Formates, propertiea, 219 

— reaetiooa, 219 
seid, deteetion, 220 

219 

Fnlminating gold, 143 
FunDcla, 8 
Fusion, 14 



GALLS on molybdie acid, 167 
— on tantalk acid, 110 

— on titanic acid, 103 

— on tongstates of alkaliea, 163 

— on ranadatea, 127 

— on ranadic acid, 126 
Ganze plate, 21 

Georgina paper, preparmtion, 72 

— uses aa reagent, 72 
Gold, propertiea, 143 

— reactiona, 143 

— Separation from platinum, 145 
Gold Chloride, preparation, 71 

— nses as reagent, 71 

— on bromides, 194 

— on tin protoxide salts, 148, 146 
Gold, fnlminating, 143 

— oxides, propertiea, 148 

— protosulphide, propertiea, 143 

— salta, propertiea, 143 

— sulphide, propertiea, 143 
Gnaiacnm on chroinic acid, 173 

— and copper snlphate on hydrocyanic add r 

199 



TT YDRIODIC acid, detection, 202 
J ~ L — propertiea, 195 

— reactiona, 195 
Hydrobromic acid, detection, 202 

— propertiea, 193 

— reactions, 193 

Hydrochloric acid. detection, 202; 203 

— preparation, 40 
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Hydrochloric acid, properties, 192 

— parification, 41 

— reactions, 192 

— tests of purity, 41 

— Ilses as reagent, 41 

— on borates, 181 

— on carbonates, 188 

— od chlorates, 208 

— on Chromates, 172 

— on cyanides, 197 

— on hyposulphites, 174 

— oii lead salts, 131 

— on mercury subsalts, 129 

— on Perchlorates, 209 

— on Silicates, 189 

— on silver salts, 128 

— on sulphides, 200 

— on solphites, 173 

— on tantalates, 109 

— on thallium protoxide salts, 125 

— on thallium trioxide salts, 125 

— on tungstates, 167 

— and ether on ferrocyanides, 199 
Hydrocyanic acid, detection, 202 

— detection in poisoning cases, 316 

— properties, 197 

— reactions, 197 

Hydroferricyanic acid, properties, 200 
< — reactions, 200 
Hydroferrocyanio acid, properties, 199 

— reactions, 199 
Hydrofluoric acid, detection, 187 

— properties, 183 

— reactions, 183 

— on niobic acid, 110 

— on Silicates, 190 

— on tantalic acid, 109 

— on thoria salts, 103 

— on yttria salts, 105 

— on zirconia salts, 104 

Hydroa uosilicic acid, preparation, 43 

— properties, 176 

— reactions, 176 

— teste of purity, 43 

— nses as reagent, 43 
■ — on borates, 182 

— on baryta salts, 90 
- — on lime talts, 93 

— on magnesia salts, 96 

— on strontia salts, 92 
Hydrogen on niobic acid, 110 

— on osmium salts, 141 

— on rhodium salts, 140 

— on tantalic acid, 109 

Hydrogen binoxide, preparation, footnote^ 172 

— on Chromates, 172 

— on yanadates, 127 
Hydrosulphuric acid, Bbüqnatblli'b appa- 

ratuß, 45 

— Mohr' s apparatns, 47 

— Pohl' 8 apparatns, 47 

— detection, 202 

— preparation, 44 

- — preparation of Solution, 47 
<•— preserration of Solution, 47 



Hydrosulphuric acid, properties, 200 

— reactions, 201 

— tests of purity, 47 

— uses as reagent, 48 

— on antimonic acid, 150 

— on antimony salts, 150 

— on arsenic acid, 161 

— on arseuious acid, 153 

— on bismuth salts, 136 

— on cadiniam salts, 138 

— on chromic acid, 171 

— on cobalt salts, 117 

— on copper salts, 134 

— on gold salts, 143 

— on indium salts, 126 

— on iodates, 174 

— on iridium salts, 166 

— on iron protoxide salts, 119 

— on iron sesquioxide salts, 121 

— on lead salts, 130 

— on manganese salts, 113 

— on mercury oxide salts, 132 

— on mercury subsalts, 129 

— on molybdio acid, 167 

— on molybdates, 167 

— on nickel salts, 115 

— on nitrites, 204 

— on osmic acid, 141 

— on palladium salts, 140 

— on platinum salts, 144 

— on rhodium salts, 140 

— on ruthenium salts, 142 

— on selenious acid, 169 

— on silver salts, 128 

— on sulphites, 173 

— on tellurous acid, 168 

— on thallium protoxide salts, 125 

— on thallium trioxide salts, 125 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on tungstates, 168 

— on uranium salts, 124 

— on vanadic acid, 126 

— on zinc salts, 112 
Hypochlorites, properties, 205 

— reactions, 205 
Hypochlorous acid, properties, 205 

— reactions, 205 
Hyponitric acid, reaction, 205 

— on bromides, 193 

— on iodides, 195 
Hyphosphites, properties, 205 

— reactions, 205 
Hypophospborous acid, properties, 205 

— reactions, 205 

Hyposulphites and sulphites, detection in 
presence of sulphides, 174 

— properties, 174 

— reactions, 174 



TGNITION, 13 

-L Inerustations, obtained with Bansen 

lamp, 24 
Indigo, preparation of Solution, 73 
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Indigo, nses a* reagent, 73 

— on chlorates, 208 

— on chlorates and snlpunions acid, 207 

— on chlorites, 205 

— on bypochlorites, 205 

— on nitrates, 207 

— on osmic acid, 141 

— on percbloric acid, 209 
Indigo prism, 27 
Indiam, occurrence, 125 

— properties, 125 

— reactions, 126 

Indiam carbonate, properties, 126 
Indium oxide, properties, 125 
Indiam aalte, properties, 126 
Indiam sulpbide, properties, 126 
Iodates, properties, 174 

— reactions, 174 

Iodic acid, properties, 174 

— reactions, 174 

Iodides, insoluble, decomposition, 197 

— properties, 195 
Iodine, detection, 202 

— as reagent for alkaloids, 344 

— properties, 195 

— reactions, 195 

— - on lanthaniam «alt, 107 
Iridium, detection in analytical course, 338, 
340 

— occurrence, 166 

— properties, 166 

— reactions, 166 

Iridium and ammoniam ebloride, properties, 

166 
Iridinm and potassiura chloride, properties, 

166 
Iron, properties, 119 

— reactions, 119 

— uses as reagent, 53 

— Separation from otber members of Group 

4, 122 

— on copper salts, 1 35 

— on sulphides and bydrocbloric acid, 201 
Iron acetate, properties, 218 

Iron beozoate, properties, 217 

Irou femeyanide, properties, 120 

Iron fenoeyauide, properties, 121 

Iron and potassium ferroeyanide, properties, 

120 
Iron protosesquioxide, properties, 121 
Iron protoxide, detection in presence of ses- 

quiuxide, 124 

— properties, 119 

— reactions, 119 

Iron protoxide salts, properties, 119 
Iron sesquichloride preparation, 67 

— teste of purity, 67 

— nses as reagent, 68 

— on acetates, 218 

— on benzoates, 217 

— on ferrieyanides, 200 

— on ferroeyanide*, 199 

— on formates, 219 

— on hyposulphites, 174 

— on iodides, 197, 20& 



Iron sesquiehloTide on phosphatea, 173 

— on sneexnates, 216 

Iron sesqnioxide, detection in p r eoe a oe of 
protoxide, 124 

— properties, 120 

— reactions, 121 

Iron sesqnioxide salts, properties, 121 
Iron saecinate, properties, 216 
Iron sulphate, prepa r ati on , 67 

— testa of purity, 67 

— nses as reagent, 67 

— on chlorites, 205 

— on Cyanid«, 193 

— on ferrieyanides, 200 

— on gold salts, 143 

— on iridinm salts, 166 

— on nitrates, 206 

— on nitrites, 204 

— on osmic acid, 141 

— on palladinm salts, 140 

— on platinum salts, 145 

— on selenions acid, 206 
Iron snlpbide, preparation, 44 

— properties, 120 

Iron salpbocyanide, properties, 121 



T ACTATES, propertiea, 221 
-" Lactic acid, properties, 221 

— reactions, 221 
Lamp, Berzelins, 19 

— Bansen, 20 

— improred Bimsen, 22 

— three Bansen, 22 

— epirit, 19 

Lanthaninm, detection in anal, coursey 
339 

— occurrence, 106 
! — reactions, 107 

— oxide, properties, 107 

— salts, properties, 107 
Lead, properties, 130 

— reactions, 130 

— Separation from Gr. 5, Div. 2, 138 

— Separation from silver and mercury sab* 

oxide, 181 
Lead acetate, preparation of Solution, 68 

— teste of purity, 68 

— nses as reagent, 68 

— on benzoates, 217 

— on Chlorides, 192 

— on Chromates, 172 

— on citratea, 212 

— on bydroflaosUioic acid, 176 

— on hypophosphites, 205 

— on malates, 213 

— on phosphites, 187 

— on tartrates, 211 

— on succinates, 216 

— on sulphates, 175 

— on sulphides, 201 

— on tungstates of alkalies, 168 

— on ranadates, 126 

Lead binoxide on oerium ralts, 106- 

— on chromiam salts, 101 
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Lead binoxide on manganese salts, 114 
Lead carbonate, properties, 131 
Lead chloride, properties, 131 
Lead Chromate, properties, 172 
Lead citrate, properties, 212 
Lead malate, properties, 213 
Lead nitrate on chloride lime, 205 
Lead oxide on acetic acid, 219 

— on formic acid, 220 
Lead oxides, properties, 130 
Lead salts, properties, 130 
Lead succinate, properties, 216 
Lead sulphate, properties, 131 
Lead sulphide, properties, 130 
Lead tartrate, properties, 210 
Liebig' 8 condenser, 12 

Lime, preparation of hydrate, 52 

— properties, 93 

— reactions, 93 

— Separation from other alkaline earths, 

97 

— uses as reagent, 53 

— on ammonia salts, 85 

— on magnesia salts, 95 
Lime «rater, preparation, 52 

— preparation of pure, 52 
■ — uses as reagent, 52 

— on carbonic acid, 188 

— on citrates, 212 

— on malates, 213 

— on raccmates, 215 

— on tartrates, 210 

Lime carbooate, properties, 93 
lime citrate, properties, 211 
Lime chloride, properties, 215 
Lime lactate, preparation, 221 

— properties, 222 

lime malate, properties, 213 

lime Oxalate, properties, 93 

Lime phosphate, properties, 178 

Lime racemate, properties, 215 

Lime Balte, properties, 93 

lime succinate, properties, 216 

Lime sulphate, preparation of Solution, 65 

— properties, 93 

— uses as reagent, 65 

— on baryta salts, 90 

— on Oxalates, 182 

— on phospbates, 178 

— on racemates, 215 

— on strontia salts, 92 

— on tartrates, 210 

Lime tartrate, properties, 210 

Iithia, detection in analytical course, 340 

— rubidia and ctesia, detection in presence 

of mnch potassa and soda, 89 

— distribution, 88 
■ — properties, 88 

■ — reactions, 88 
Iithia phosphate, properties, 88 
Lithia salts, properties, 88 
Iitmns paper, blue, preparation, 71 

— blue, uses as reagent, 72 

— rationale of aotion, 72 
-— red, preparation, 72 



Litmus paper, red, uses as reagent, 72 
Logwood decoction on Chromates, 173 



1VTAGNESU, properties, 94 
-^- — reactions, 95 

— Separation from other alkaline earths, 97 

— on malic acid, 213 

Magnesia and ammonia arsenate, proper» 

ties, 162 
Magnesia and ammonia phosphate, proper- 
ties, 96 
Magnesia carbonate, properties, 95 
Magnesia malate, properties, 213 
Magnesia Oxalate, properties, 9G 
Magnesia phosphate, properties, 96 
Magnesia pjrophosphate, properties, ISO 
Magnesia salts, properties, 95 
Magnesia sulphate, preparation of Solution, 
66 

— purification, 66 

— teste of purity, 66 

— uses as reagent, 66 

— on phosphates, 178 

— on pyrophosphates, 180 

Magnesia sulphate, ammonium chloride and 
ammonia, on arsenate«, 162 

— on metaphosphates, ISO 

— on phosphates, 178 

— on phosphiteB, 187 
Magnesium, properties, 94 

— on phosphates, 180 
Malates, properties, 213 

— reactions, 213 
Malic acid, detection, 214 

— properties, 212 

— reactions, 213 
Manganese, properties, 113 

— reactions, 113 

— Separation from other members of Gr. 4, 

122 
Manganese binoxide on bromides, 194 

— on Chlorides, 192 

— on iodides, 196 

— on Oxalates, 183 

Manganese ferricyanide, properties, 114 
Manganese ferrocyanide, properties, 114 
Manganese oxides, properties, 113 
Manganese salts, properties, 113 

— on chloride lime, 205 
Manganese sulphide, properties, 113 
Marsh's test for arsenic, 156 
Mercury, properties, 128 

— reactions, 129 

Mercury chloride, preparation of Solution, 
69 

— uses as reagent, 69 

— on acetates, 219 

— on formates, 220 

— on hypophosphites, 205 

— on phosphites, 187 

— on sulpbites, 173 

— on tin protoxide salts, 133, 146 
Mercury cyuiide on palladium stjts, 140 
Mercury oxide, properties, 13 
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Mercvry oxide, reactaons, 132 

— Separation from otber memben of Group 

5, Dir. 2, 138 
Mercury oxide salts, properties, 132 
Mercury and potassium iodide as reagent for 

aJkaloids, 344 
Mercury subacetate, properties, 219 
Mercury subchloride, propaties, 129 
Mercury subformate, properties, 220 
Mercury snbnitrate, preparation, 69 

— tests of purity, 69 

— uscs as reagent, 69 

— on acetates, 219 

— on Chlorides, 192 

— on formates, 220 

— on phospbites, 187 

— on tungstates, 168 

— on ranadates, 126 
Mercury suboxide, properties, 128 

— reactions, 129 

— Separation from silver and lead, 131 
Mercury subsalts, properties, 129 
Mercury sulphide. properties, 132 
Metallic oxide«, groups, 81 
Metaphosphates, properties, 180 

— reactions, 180 

Metapbospboric acid, reactions, 180 
Metastanuic acid, properties, 147 
Metastannic chloride, pioperties, 147 
Metatungstic acid as reagent für alkaloids, 

345 
Microcosmic bead, testing with, 79 

— with cerium salts, 106 

— with chroroium salts, 102 

— with cobalt salts, 119 

— with didymium oxide, 107 

— with erbium oxide, 106 

— with iron salts, 120 

— with manganese salts, 115 

— with nickel salts, 116 

— with niobic acid, 1 10 

— with Silicates, 190 

— with tantalic acid, 110 

— with titanic acid, 109 

— with tnngstic acid, 168 

— with uranium salts, 124 

— with yttria, 105 

— and copper oxide with bromides, 194 

— and copper oxide with Chlorides, 192 

— and copper oxide with iodides, 197 
Microcosmic salt, as blowpipe test for fluo- 
rine, 185 

— effects of heat on, 79 

— preparation, 78 

— tC8ts of purity, 78 

— uses as flux, 79 
Mineral water analysis, 292 
Molybdenam, detection in analytical coorse, 

338, 340 

— occarrence, 166 

— properties, 166 

— reactions, 167 

Molybdenam oxides, properties, 1 66 
Molybdenam sulphide, properties, 167 
Molybdio acid, properties, 167 



Morphine, detection, 364, 366, 369 

— properties, 349 

— reactions, 349 
Morphine salts, p roper ti es, 349 

TtfARCOTINE, detection, 355, 364, 366, 

-LI 369 

— properties, 351 

— reactions, 351 
Narcotine salts, properties, 351 
Nkslkb's Solution, preparation, fotfnott, 87 
Nickel, properties, 115 

— reactions, 115 

— Separation from other members of Gr. 4, 

122 

Nickel ferricyanide, properties, 116 

Nickel ferrocyanide, properties, 116 

Nickel oxide, properties, 115 

Nickel and potaasium Cyanide, properties, 
116 

Nickel salts, properties, 115 

Nickel sesquioxide, properties, 115 

Nickel sulphide, properties, 115 
| Nicotine, detection, u48 
I — properties, 346 
. — reactions, 346 

Nicotine salts, properties, 346 

Niobic acid, detection in analytical course, 
336, 339, 340 

— occurrence, 110 
! — properties, 110 

— reactions, 110 

Niobium oxyfluoride and potassium fluoride, 

properties, 110 
Nitrates, properties, 206 

— reactions, 206 

Nitric acid, detection, 208 

— detection of free, 208 

— properties, 206 

— punfication, 39 

— reactions, 206 

— teste of purity, 89 

— uses as reagent, 39 

— on bromides, 193 

— on iodides, 195 

— on Perchlorates, 209 

— on thallium protoxide salts, 125 
Nitrites, properties, 204 

— reactions, 204 
Nitrohydrochloric acid, nature, 42 

— preparation, 42 

— uses as reagent, 43 
Nitrousacid, properties, 204 

— reactions, 204 

— on iodides, 195 

ASMIC acid, properties, 141 
^ Osmium, detection in analytical conrse, 
338, 340 

— occurrence, 141 

— properties, 141 

— reactions, 141 

Osmium oxides, properties, 141 
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Osmium salts, properties, 141 
«Oxalate», properties, 182 

— reactions, 182 

Oxalic acid, detection, 186, 214 

— properties, 182 

— purification, 56 

— reactions, 182 

— on alumina salts, 100 

— on berylla salts, 103 

— on cerium salts, 106 

— on didymium salts, 107 

— on iridium salts, 166 

— on lanthanium salts, 107 

— on thoria salts, 104 

— on yttria salts, 105 

— on zirconia salts, 104 
Oxidizing flame, 17 

"DALLADIUM, detection in analytical 
x course, 338 

— occurrence, 189 

— properties, 139 
« — reactions, 140 

Palladium and ammonium Chloride, pro- 
perties, 140 

Palladium-ammonium chloride, properties, 
140 • 

Palladium chloride on bromides, 193 

— on Jodides, 195 

Palladium Cyanide, properties, 140 
Palladium iodide, properties, 195 
Palladium nitrate on bromides, 193 

— on iodides, 195 

Palladium oxides, properties, 140 
Palladium and potassium chloride, proper- 
ties, 140 
Palladium salts, properties, 140 
Palladium and sodium chloride, preparat: 
71 

— uses as reagent, 71 
Palladium sulphide, properties, 140 
Perchlorates, properties, 209 

— reactions, 209 
Perchloric acid, properties, 209 

— reactions, 209 

Phosphates, insoluble, decomposition, 179 

— properties, 177 

— reactions, 177 
Pbosphoantimonic acid, as reagent for alka- 

loids, 845 

— preparation, footnote, 345 
Phosphomolybdic acid, as reagent for alka- 
loids, 345 

— preparation, footnote, 345 
Phosphoric acid, detection, 186 

— properties, 177 

— reactions, 177 

— Separation ftom alkaline earths, 178 
Phosphorous acid, properties, 187 

— reactions, 187 

Phosphorus, detection in poisoning cases, 
318 

— properties, 176 

Picric acid, as reagent for alkaloids, 845 
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Hcrio acid on cyanides, 198 
Picrotoxine, detection, 364, 366, 869 

— properties, 363 

— reaötions, 363 
Platinum, crucibles, size, 31 

— crucibles, mies for nsing, 14 

— properties, 144 

— reactions, 144 

— Separation from gold, 145 

— triangle, 20 

— wire, 18 

Platinum and ammonium chloride, pro« 

perties, 85, 144 
Plaünum chloride, as reagent for alkaloids, 

344 

— preparation, 70 

— tests of purity, 70 

— uses as reagent, 70 

— on ammonia salts, 85 

— on csesia salts, 87 

— on lithia salts, 88 

— on potassa salts, 82 

— on potassium iodide, 86 

— on rubidia salts, 87 

— on Boda salts, 85 

— on thallium protoxide salts, 125 
Platinum oxides, properties, 144 
Platinum and potassium chloride, properties, 

82, 144 

— solubility, 87 

Platinum salts, properties, 144 
Platinum sulphide, properties, 141 
Poisons, detection of inorganic, 306 

— detection of organic, 364 
Potable water analysis, 289 
Potassa, preparation by baryta, 50 

— properties, 82 

— purification by alcohol, 49 

— reactions, 82 

— Separation from other alk&lies, 86 

— tests of pnrity, 50 

— uses as reagent, 50 

— on alumina salts, 99 

— on ammonia salts, 85 

— on antimony salts, 150 

— on baryta salts, 90 

— on berylla salts, 103 

— on bismuth salts, 136 

— on bromine, 194 

— on cadmium salts, 138 

— on cerium salts, 106 

— on chromium salts, 101 

— on cobalt salts, 117 

— on copper salts, 134 

— on didymium salts, 107 

— on indium salts, 126 

— on iridium salts, 166 

— on iron protoxide salts, 120 

— on iron sesquioxide salts, 121 

— on lanthanium salts, 107 

— on lead salts, 180 

— on lime salts, 98 

— on magneaia salts, 95 

— on manganeae salts, 114 

— on mercury oxide salts, 133 



394 



INDEX. 



Potassa on mercury subsalte, 129 

— on nickel salts, 115 

— on osmic acid, 141 

— on palladium gälte, 140 

— on rhodium aalte, 140 

— on ruthenium aalte, 142 

— on aiWer ßalta, 128 

— on strontia salts, 91 

— on tellurous acid, 168 

— on thallium protoxide aalte, 125 

— on thallium trioxide salts, 125 

— on tboria salts, 103 

— on tin binoxide aalte, 148 

— on tin protoxide aalte, 146 
j— on titanic acid, 108 

— on nranium aalte, 124 

— on yttria aalte, 105 

— on sine salts, 112 

— on sirconia salts, 104 

— fnsion with niobic acid, 110 

— fusion with tantalic acid, 109 

— fusion with titanic acid, 109 

Potassa acid sulphate, see Potasta bitul- 

phate 
Potassa alum, solubility, 88 
Potassa antimonate, preparation, 60 

— preparation of Solution, 60 

— teste of purity, 60 

— nses as reagent, 60 

— on soda salte, 84 

Potassa bicarbonate, on niobate of potassa, 
110 

— on nranium aalte, 124 

Potassa bichromate, preparation of Solution, 
60 

— purification, 60 

— nses as reagent, 60 

— on baryta salte, 91 

— on bismuth salte, 136 

— on lirae salte, 94 

— on strontia salts, 92 

Potassa bisulphate, preparation, 76 

— teste of purity, 76 

— uses as flux, 76 

— with niobic acid, 110 

— with tantalic acid, 109 

— with titanic acid, 108 

— with tungstic acid, 167 

— and calcium fluoride on borates, 181 
Potassa bitartrate, pzoperties, 82 

— solubility, 88 

Potassa carbonate. See Soda carbonate 
Potassa chlorate and soda carbonate as blow- 

pipe test for chromium, 102 
Potassa Chromate on baryta aalte, 91 

— on bromides, 194 

— on Chlorides, 192 

— on indium salte, 126 

— on iodides, 129 

— on lead salte, 181 

— on lime salte, 94 

— on magnesia aalte, 96 

— on strontia salte, 92 
Potassa nitrite, preparation, 59 

— preparation of Solution, 59 



Potassa nitrite, teste of purity, 59 

— uses aa reagent, 59 

— on bromides, 193 

— on cobalt salte, 118 

— on gold salte, 144 

— on iridium salts, 166 

— on iodides, 196 

— on nickel salte, 116 

— on palladium aalte, 140 

— on rhodium salts, 140 

— on ruthenium aalte, 142 

— on osmic acid, 141 

Potassa permanganate on chloride of lime, 
205 

— on chlorites, 205 

— on sulphites, 173 

Potassa picroeyanate, formation, 193 
Potassa aalte, propeixies, 82 

— on hydrofluosilicic acid, 176 

— on perchloric acid, 209 

— on racemates, 215 

— on tartrates, 210 

Potassa and soda carbonate, preparation, 
73 

— teste of purity, 74 

— uses as flux, 74 

— fusion with insoluble bromides, 194 

— fusion with insoluble Chlorides, 192 

— fusion with insoluble iodides, 197 

— fusion with insoluble Silicates, 190 

— fusion with insoluble sulphates, 175 
Potassa sulphate, preparation of Solution, 

56 

— purification, 56 

— uses as reagent, 56 

— on alumina salte, 100 

— on cerium aalte, 106 

— on didymium salts, 107 

— on lanthaninm aalte, 107 

— on lime salte, 93 

— on tboria salte, 104 

— on sirconia salte, 104 
Potassa tantalate, properties, 110 
Potassium acid fluoride with berylla salts, 

103 

— with titanic acid, 108 

Potassium chloride on iridium salte, 166 

— on palladium salts, 140 

— on platinum salts, 144 

— on ruthenium aalte, 141 
Potassium cobalticyanide, formation, 118 
Potassium Cyanide, preparation, 62 

— preparation of Solution, 62 

— teste of purity, 62 

— uses as reagent, 62 

— uses as dry reducing agent, 77 

— on chlorates, 207 

— on cobalt salte, 118 

— on nickel salts, 116 

— on nitratea, 206 

— on tellurium Compounds, 168 

— on selenium Compounds, 169 

— and cobalt Solution on nitrites, 204 

— and soda carbonate as dry reducing agent, 

77 
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Potassium Cyanide and soda carbonate as 
test for antimony, 152 

— and soda carbonate as test for arsenic, 

158 

— and soda carbonate as test for tin, 

147 
Potassiom ferricyanide, preparation, 63 

— preparation of Solution, 63 

— teste of purity, 63 

— nses as reagent, 63 

— on cobalt aalte, 118 

— on indium salts, 126 

— on iron protoxide salts, 120 

— on iron sesquioxide salts, 121 

— on manganese salts, 114 

— on niekel salts, 116 

— onzinc salts, 112 

— and tartaric acid on cobalt salts, 118 
Potassiom ferrocyanide, preparation of Solu- 
tion, 63 

— nses as reagent, 63 

— on cobalt salts, 118 

— on copper salts, 135 

— on indium salts, 126 

— on manganese salts, 114 

— on molybdates, 167 

— on niekel salts, 116 

— on iron protoxide salts, 120 

— on iron sesquioxide salts, 121 

— on tantalic acid, 110 

— on titanic acid, 108 

— on tung8tates, 168 

— on uranium salts, 124 

— on vanadic acid, 126 

— on ranadates, 127 

— on zinc salts, 1 1 2 

Potassium fluoride on niobic acid, 110 
Potassium iodide od antimonic acid, 149 

— on osmic acid, 141 

— on palladium salts, 140 

— on thallium protoxide salts, 125 

— on thallium trioxide salts, 125 
Potassium and platinum Chloride, proper- 

ties, 82 

— solubility, 87 

Potassium sulphocarbonate, preparation, 
footnote, 116 

— on cobalt salts, 118 

— on niekel salts, 116 

Potassium sulphocyanide, preparation, 63 

— preparation of Solution, 64 

— tests of purity, 64 

— nses as reagent, 64 

— on hyponitric acid, 204 

— on indium salts, 126 

— on iron protoxide salts, 120 

— on iron sesquioxide salts, 121 

— on nitrites, 204 

— on ruthenium salts, 142 

— and sulphurous acid on cadminm salts, 

138 

— and sulphurous acid on copper salts, 

135 

— and sulphurous acid on palladium salts, 

140 



Potassium sulphocyanide and z'nc on mo- 

lybdic acid, 167 
Precipitation, 6 
Preiiminary examination, 225 
Propionic acid, detection, 221 

— properties, 221 

— reactions, 221 

Prussian blue, properties, 121 
Purple of Cassius, 143 
Pyrogallic acid on nitrites, 204 
Pyrophosphoric acid, properties, 180 

— reactions, 180 



QUININE, detection, 355, 364, 366 
— properties, 353 
— reactions, 353 
Quinine salts, properties, 853 



"DACEMATES, properties, 215 
-"' — reactions, 215 
Racemic acid, properties, 215 

— reactions, 215 
Reducing agent, dry, 77 
Reducing flame, 17 
Rkinsch's test for arsenic, 155 
Rhodium, detection in analytical course, 

338, 340 

— oecurrence, 140 

— properties, 140 

— reactions, 140 

Rhodium oxides, properties, 140 

Rubidia, detection in analytical course, 340 

— esesia and lithia, detection in presence 

of much potassa or soda, 89 

— and csBsia, differences from potassa, 87 

— distribution, 87 

— reactions, 87 

Rubidia alum, solubility, 88 
Rubidia bitartrate, solubility, 88 
Rubidia carbonate, solubility in alcohol, 88 
Rubidium and platinum Chloride, solubUity r 

87 
Ruthenium, detection in analytical course,. 

338, 340 

— oecurrence, 141 

— properties, 141 

— reactions, 141 

Q ALICINE, detection, 864, 866 
° — properties, 362 

— reactions, 362 

Selenetted hydrogen, formation, 169 
Selenic acid, properties, 169 
Selen ious acid, properties, 169 
Selenites, properties, 169 
Seleninm, detection in analytical course r 
338 

— oecurrence, 169 

— properties, 169 

— reactions, 169 
Silicates, analysis, 283 

— insoluble, deeomposition, 189 
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Silicates, properties, 189 
Silicic aeid, detectioD, 191 

— properties, 189 

— reactions, 189 

. Silicofluorides, properties, 176 
Silver, properties, 127 

— reactions, 128 

— Separation £rom lead and mercury sab- 

oxide, 131 
Silver acetate, properties, 218 
Silver arsenate, properties, 162 
Silver arsenite, properties, 155 
Silver borate, properties, 181 
Silver bromide, properties, 193 
Silver c blonde, properties, 128 
8ilver Chromate, properties, 172 
Silver citrate, properties, 212 
Silver Cyanide, properties, 198 
Silver ferrieyanide, properties, 200 
Silver ferroeyanide, properties, 199 
Silver formate, properties, 219 
Silver hyposulphite, properties, 174 
Silver iodate, properties, 174 
Silver iodide, properties, 195 
Silver malate, properties, 213 
Silver nitrate, preparation of Solution, 68 

— tests of purity, 68 

— uses, 68 

— on acetates, 218 

— on antimony teroxide, 151 

— on arsenates, 162 

— on arsenites, 155 

— on borates, 181 

— on bromides, 193 

— on cblorides, 192 

— on chloride lime, 205 

— on chlorites, 205 

— on Chromates, 172 

— on citrates, 212 

— on cyanides, 198 

— on ferrieyanides, 200 

— on ferroeyanides, 199 

— on formates, 219 

— on hypophosphites, 205 

— on byposulphites, 174 

— on iodates, 174 

— on iodides, 195 

— on malates, 213 

— on metaphosphates, 180 

— on nitrites, 204 

— on Oxalates, 182 

— on Perchlorates, 209 

— on phosphates, 178 

— on phosphites, 187 

— on pyrophosphates, 180 

— on sulphides, 201 

— on tanrates, 210, 211 

— on tungstates, 168 

— on vanadates, 126 
Silver Oxalate, properties, 182 
.Silver oxide, properties, 128 
Silver phosphate, properties, 178 
Silver pyropbosphate, properties, 180 
Silver salts, properties, 128 

.Silver sulphide, properties, 128 



Silver tartrate, properties, 211 
Soda, filtration of Solution, 49 

— preparation of Solution, 49 

— preservaüon of Solution, 49 

— properties, 83 

— reactions, 84 

— Separation from other alkalies, 86 

— tests of purity, 49 

— uses as reagent, 50 

— on niobate of potassa, 110 

— on tantalate of soda, 110 

— see Potaua 

— fusion with niobie aeid, 110 

— fusion with tantalic aeid. 110 
Soda acetate, preparation, 57 

— preparation of Solution, 57 

— tests of purity, 57 

— uses as reagent, 57 

— on indium salts, 126 

Soda and ammonia phosphate, see Micro- 
cosmic salt 

— bead, see Microcosmic bead 
Soda antimonate, properties, 84 
Soda biborate, see Borax 

— bead, see Borax biad 

Soda bicarbonate on urauiuin salts, 124 
Soda bisulphite, preparation, 59 

— tests of purity, 59 

— uses as reagent, 59 

Soda bitartrate, preparation, 40 

— preparation of Solution, 40 

— nses as reagent, 40 

— on ammonia salts, S5 

— on potassa salts, 82 

— on soda salts, 85 

Soda carbonate, preparation of Solution, 57 

— purification, 57 

— tests of purity, 58 

— uses as reagent, 58 

— uses as flux, 76 

— on alumina salts, 100 

— on antimony salts, 150 

— on baryta salts, 90 

— on berylla salts, 103 

— on bismuth salts, 136 

— on cadmium salts, 138 

— on cerium salts, 106 

— on chromium salts, 101 

— on copper salts, 134 

— on didymium salts, 107 

— on indium salts, 126 

— on lead salts, 130 

— on lime salts, 93 

— on magnesia salts, 95 

— on strontia salts, 91 

— on tellurous aeid, 168 

— on thallium protoxide salts, 125 

— on thoria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on yttria salts, 105 

— on zinc salts, 112 

— on zirconia salts, 104 

— fusion with mercury salts, 129 

— fusion with niobie aeid, 110 
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Soda carbonate, fusion with titanio »cid, 
109 

— see Potassa and soda carbonate 

Soda carbonate bead, with didymium salts, 
107 

— with iridium salts, 166 

— with manganese salts, 114 

— with palladium salts, 140 

— with rhodium salts, 140 

— with Silicates, 190 

Soda carbonate on charcoal as blowpipe test, 
76 

— for arsenic, 161 

— for bismuth, 137 

— for cadmiura, 138 

— for copper, 135 

— f >r lead, 131 

— for silver, 128 

— for sulphates, 175 

— for tungaten, 163 

— for zinc, 113 

Soda carbonate and potassiam Cyanide, as 
dry redacing agent, 77 

— as teat for antimony, 152 

— as teat for arsenic, 158 

— as teat for tin, 147 

Soda hyposulphite on cerium protoxide salts, 
106 

— on ni träte of sesquioxide of cerium, 

106 

— on didymium salts, 107 

— on thoria salts, 1 04 

— on titanic acid, 108 

— on yttria salts, 105 

— on zirconia salts, 104 

— as blowpipe teat for cyanogen, 198 
Soda nitrate, preparation, 75 

— tests of purity, 75 

— uses as dry reagent, 75 

— and so*ia carbonate as teat for chromium, 

102 
Soda phosphate, preparation of Solution, 56 

— purification, 56 

— tests of purity, 56 

— nses as reagent, GQ 

— on alumina salts, 100 

— on baryta salts, 90 

— on inditun salts, 126 

— on lime salts, 93 

— on lithia salts, 88 

— on magnesia salts, 96 

— on strontia salts, 91 

— on titanic acid, 108 

— ammonium chloride and ammonia on 

magnesia salts, 96 
Soda and potassa carbonate, see Potaua 

and soda carbonate. 
Soda salts, properties, 84 
Soda sulphate on lime salts, 93 

— on tin binoxide salts, 148 
Soda snlphite on osmic acid, 141 

— on tellurouB acid, 168 
Soda tantalate, properties, 110 
Sodium on phosphates, 180 

Sodium uitroprusside on sulphidea, 201 



Sodium and platinum chloride, properties r 

85 
Sodium sulphide, preparation, 55 

— preparation of yellow, 55 

— nses as reagent, 55 
Soils analyns, 300 
Solubility table, 380 
Solution, 8, 233 
Solvente, chemical, 3 

— simple, 3 
Spectroscope, 28 

— Kirchiioff and Buhsxn's, 28 

— Rxxroth's, 29 
Spectrum of baryta salts, 91 

— of borates, 182 

— of «eaia salts, 88 

— of copper bromide, 204 

— of copper chloride, 204 

— of copper iodide, 204 

— of didymium salts, 107 

— of erbium salts, 105 

— of indium salts, 126 

— of lime salts, 94 
— - of lithia salts, 88 

— of potassa salts, 83 

— of rubidia salts, 88 

— of soda salts, 84 

— of strontia salts, 93 

— of thallium salts, 125 

— absorption, of didymium salts, 107 

— absorption, of erbium salts, 105 
Spirit lamps, 19 

Starch on bromine, 194 

— on iodine, 196, 203 

— and potassium iodide on nitrites, 204 
Starch bromide, properties, 194 
Starch iodide, properties, 196, 203 

— on cyanides, 199 

— on hyposulphites, 174 

— on sulphites, 173 

Strontia, and baryta, detection of mioute 
quantities in presence of lime, 98 

— properties, 91 

— reactions, 92 

— Separation from other aikaline earths, 

97 
Strontia Chromate, properties, 92 
Strontia Oxalate, properties, 92 
Strontia salts, properties, 91 
Strontia sulphate, properties, 92 
Strontium chloride on hydrofluosilicic acid, 

176 
Strychnine, detection, 361, 364, 366, 369, 

372, 373 

— properties, 356 

— reactions, 356 
Strychnine salts, properties, 356 
Sublimate definition, 13 
Sublimation, 13 

Succinates, properties, 216 

— reactions, 216 
Succinic acid, detection, 217 

— properties, 215 

— reaction«. 216 

Sulphates, d^ compositum of insoluble, 175* 
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Sulphates, properties, 175 

— reactions, 175 
Sulphides, properties, 200 

— reactions, 201 

Sulphites, and hyposulphites, detection in 
presence of sulphides, 174 

— properties, 173 

— reactions, 173 
Sulphur, detection, 202 

— detection in thallium, 125 

— properties, 200 

Sulphuretted hydrogen, see HydrotuXphwric 

acid 
Sulphuric acid, detection, 175 

— detection of free, 176 

* — preparation of Solution, 88 

— properties, 174 

— purification, 87 

— reactions, 175 

— tests of purity, 38 

— uses as reagent, 38 

— on baryta aalte, 90 

— on bismuth salts, 186 

— on lead salts, 131 

— on lirae salts, 93 

— on magnesia salts, 96 

— on strontia salts, 92 

— on tantalates, 109 

Sulphuric acid concentrated, on acetates, 
219 

— on chlorates, 208 

— on citrates, 212 

— on ferricyanides, 200 

— on ferrocyanides, 199 

— on fluorides, 184 

— on formates, 220 

— on iodides, 196 

— on malates, 213 

— on niobio acid, 110 

— on Oxalates, 183 

«— on perchloric acid, 209 

— on silicofl uorides, 176 

— on tartrates, 211 

— and silica on fl uorides, 185 
Sulphurous acid, properties, 178 

— reactions, 173 

— on arseuates, 161 

— on Chromates, 172 

— on iridium binoxide, 166 

— on iodates, 174 

— on Perchlorates, 209 

— on selenious acid, 169 
•*— on vanadic acid, 126 



rjlANNIC acid on gold salts, 144 
•*- Tantalic acid, detection in analytical 
course, 339, 340 

— occurrence, 109 

— properties, 109 

— reactions, 109 

Tantal um chloride, properties, 109 
Tantalam and potassium fluoride, properties, 

109 
TartAric acid, detection, 214 



Tartaric acid, preparation of Solution, 
40 

— properties, 209 

— reactions, 210 

— uses as reagent, 40 

— on ammonia salts, 85 

— on csesia salts, 87 

— on lithia salts, 88 

— on potaasa salts, 82 

— on rubidia salts, 87 

— on soda salts, 85 
Tartrates, properties, 209 

— reactions, 210 

Telluretted hydrogen, formation, 168 
Telluric acid, properties, 168 
Tellurium, detection in analytical course, 

3S8 

': — occurrence, 168 
i — properties, 168 

— reactions, 168 

Tellurium oxides, properties, 168 
Tellurous acid, properties, 168 
Terbium, footnote, 105 
Thallium, detection in analytical course, 
336, 338, 339 
l — detection in sulphur, 125 

— distribution, 124 

— properties, 124 

— reactions, 125 

Thallium oxides, properties, 125 
Thallium and platinum chloride, properties, 

125 
Thallium protiodide, properties, 125 
Thallium protocarbonate, properties, 125 
Thallium protochloride, properties, 125 
Thallium protoxide salts, reactions, 125 
Thallium salts, properties, 125 
Thallium sulphide, properties, 125 
Thallium trioxide salts, reactions, 125 
Thoria, detection in analytical course, 339, 

340 

— occurrence, 108 

— properties, 103 

— reactions, 103 

Thoria carbonate, properties, 103 

Thoria Oxalate, properties, 104 

Thoria and potaasa sulphate, properties, 

104 
Thoria salts, properties, 103 
Thoria sulphate, properties, 104 
Thorium fluoride, properties, 108 
Tin, properties, 145 

— Separation from antimony and arsenic, 

163 

— on'niobic acid, 110 

— on titanic acid, 108 

Tin binoxide, properties, 147 

— salts, properties, 147 

— salts, reactions, 148 

— Separation from tin protoxide, 165 
Tin bisulphide, properties, 148 

Tin protochloride, preparation, 70 

— preserration, 70 

— properties, 146 

— tests of purity, 70 
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Tin protoshloride, uses as reagent, 70 

— on bismuth salts, 137 
•»— on gold salts, 143 

— oq iridium salts, 166 

— on mercury oxide salts, 133 
. — on mercury subsalts, 129 

— od osmic acid, 141 

— on palladium salts, 140 

— on platinum salts, 145 

— on selenions acid, 169 

- — on 8ulphurous acid, 173 

— on tellurous acid, 168 

— on tungstates, 168 

Tin protosulphide, properties, 146 
Tin protoxide, properties, 146 

— reactions, 146 

■ — Separation from tin binoxide, 165 

— salts, properties, 146 

Titanic acid, detection in analytical course, 
839, 340 

— distribntion, 108 

— properties, 10$ 

— reactions, 107 

Titanium Chloride, properties, 108, 109 

Titaninm and potassium fluoride, proper- 
ties, 108 

Triangle, platinum, 20 

Tungstates, insoluble, decomposition, 
168 

Tongsten, detection in analytical course, 
336, 340 

— occurrence, 167 

— properties, 167 

— reactions, 167 

Tungsten oxides, properties, 167 
Tungatic acid, properties, 167 
Turmeric paper, preparation, 72 

— uses as reagent, 73 

— with amraonia molybdate, 181 

— with boracic acid, 181 

. — with hydrochloric acid, 181 

— with iron sesquichloride, 181 
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It has been the author's endeavour to produce a Treatise on Chemistry sufficiently 
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which a Student may peruse with advantage before commenciog his chemical studies at 
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This work is intended for use in the chemical laboratory by those who are com- 
mencing the study of practical chemistry. It does not presuppose any knowledge of 
chemistry on the part of the pupil, and does not enter into any theoretical speculations. 
It dispenses with the use of all costly apparatus and chemicals, and is divided into 
separate exercises or lessons, with examples for practice, to facilitate the Instruction of large 
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A MANUAL OF BOTANY: Including the Structure, Func- 
tions, Classification, Properties, and uses of Plants. By Robert 
Bentley, F.L.S., Professor of Botany, King's College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Engravings. Crown 8vo, 14s. 
"As the Standard manual of botany its position is undisputed." — Chtmist and 

Druggist. 

Robert Bentley and Henry Trimen 
MEDICINAL PLANTS: being Figures with aecompanying 
Botanical Descriptions, and an Account of the Properties and Uses of the 
Principal Plants employed in Medicine. By Robert Bentley, F. LS., 
Professor of Botany in King's College, and to the Pharmaceutical Society ; 
and Henry Trimen, M.B., F.L.S., Lecturer on Botany in St. Mary's 
Hospital Medical School. Part I., containing 8 Platcs, large 8vo, 5s. (on 

October 1). 

* # * A Prospectus and Specimen Plate will be sent on application. 



F. Kohlrausch 

AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 

With Appendices on Absolute Electrical Measurement, etc. By Dr. F. 
Kohlrausch. Translated from the Second Gcrman Edition by T. H. 
Waller, B.A., B. Sc, and H. R. Procter, F.C.S. With Engravings. 

[8vo, 128. 
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IV. £. Carpenter 

THE MICROSCOPE AND ITS REVELATIONS. By 

W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 
Engravings Crown 8vo, 15s. 

* # * The author has aimed to combine within a moderate compass that infurmation in 
regard to the use of his instniment and its appliances, wbich is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshing his own mind. 



J. H. Martin 
A MANUAL OF MICROSCOPIC MOUNTING ; with Notes 

on the Collection and Examination of Objects. By John H. Martin, 
author of " Microscopic Objects." With upwards of 100 Engravings. 

[8vo, 75. 6d. 

%* The aim of this work is to supply the Student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual dextcrity, as far 
as illustrations and words render it possible, necessary in their application. 



THE QUARTERLY JOURNAL OF MICROSCOPICAL 

SCIENCE. (Established in 1852.) Edited by Dr. J. F. Payne, Assistant- 
Physician at-St. Thomas's Hospital; E. Ray Lankester, Professor of 
Zoology and Comparative Anatomy in University College, London ; and 
W. T. Thiselton Dyer, Professor of Botany to the Royal Horticultural 
Society . . Annual Subscription, 16s. ; Single Numbers, 4s. 

%* The Memoirs are, when needful, illustrated by Lithographie Plates, many of whij 1 
are Coloured. The Journal contains, in addition, Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies. 



J, Fayrer 

THE THANATOPHIDIA OF INDIA; being a Description 

of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
J. Fayrer, M.D., C.S.I., Honorary Physician to the Queen ; late President 
of the Asiatic Society of Bengal. Second Edition, with 31 Plates (28 
Coloured) Folio, 7/. 7s. 

By the samt Author* 

THE ROYAL TIGER OF BENGAL: His Life and Death. 
With Map and Engravings Crown 8vo, 5s. 
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A. Chauvcau and G. Fleming 

CHAUVEAU'S COMPARATIVE ANATOMY OF THE 

DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgcon, 
Royal Enginecrs ; Author of " Travels on Horseback in Mantchu Tartary," 
" Horse-shoes and Horse-shoeing," "Animal Plagues," etc. With 450 
Engravings . . , . 8vo, £1 us. 6d. 

"■Mr. Fleming has earnecl the gratitude of the whole of his profession by presenting to 
ihc veterinary surgeon and Student, in an English dress, one of the best and most com- 
prehensive of Continental text-books, enriched with addittons which prove him to have 
hec.i a conbeientious Student of the best writers on the Comparative Anatomy of the 
Mammalia. . . We have nothing but praise to bestow on the manncr in which 
Mr. Fleming has performed his work." — Medico-Chirurgical Review. 



T. H. Huxley 

A MANUAL OF THE ANATOMY OF VERTEBRATED 

ANIMALS. By Prof. Huxley, LL.D., F.R.S. With numerous Engrav- 
ings [Fcap 8vo, 12s. 

By the same Author 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 

With Engravings 8vo, 6s. 

S. Messender Bradley 

MANUAL OF COMPARATIVE ANATOMY AND 
PHYSIOLOGY. By S. Messenger Bradley, F.R.C.S., Senior Assistant 
Surgcon to the Manchester Royal Infirmary. Third Edition, with 61 
Engravings Post 8vo, 6s. 6d. 

W. M. Ord 

NOTES ON COMPARATIVE ANATOMY: a Syllabus of 
a Course of JLectures delivered at St. Thomas's Hospital. By William 
Miller Ord, M.B. Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School Crown 8vo, 5s. 



"Compact, lucid, and well arranged. 
These Notes will, if well used, be valuable 
to learners, perhaps still more so to 
teachers. " — Nature. 



* * We have gone through it carefnlly, and 
we are thoroughly satisfied with the manner 
in which the author has discharged his task." 
— Top. Science Review, 



IV. Whalley 

TUE HUMAN EYE, WITH REMARKS ON THE EYES 
OF INFERIOR ANIMALS : A Populär Description. ByW. Whalley, 
M.R.C.S. With 40 Engravings . . . Fcap 8vo, 3s. 
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John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By John Shea, M.D., B.A. Lond. With 
numerous Engravings . . Fcap 8vo, 5s. 6d. 

VESTIGES of the NATURAL HISTORY OF CREATION. 

With 100 Engravings. Eleventh Edition . . Post 8vo, 7s. 6d. 



J. Reay Greene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 

Orders, and Higher Groups of the Animal Kingdom, for Students, 

Lccturers, and others. By J. Reay Greene, M.D., Professor of Natural 

History in the Queens University in Ireland. Three large sheets, 5s. 

the set; or, mounted on canvas, with roller and varnished . .12s. 6d. 

%* These Tables have been caref ully prepared in accordance with the present State of 

science, and with a view to remove the difficulties which arise from the various opinions 

held by dinerent zoologists. 

Andrew Wilson 

THE STÜDENT'S GUIDE TO ZOOLOGY: 
A Manual of the Principles of Zoological Science. By Andrew Wilson, 
Author of " Elements of Zoology/ and Lecturer on Zoology, Edinburgh. 
With Engravings Fcap 8vo, 6s. 

" It is alike lucid and well arranged." — Med. Times and Gaz. 

" Really a good book, well and clearly written." — Edin. Med. Jottr. 

" A trastworthy guide." — Lancet. 

"The illustrations are clear, and the whole work is elegant and compact." — Med. 

Chir. Rei>. 



R. Dunglison 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 

SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Phnrmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for OfficinaJ, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Robley 
Dunglison, M.D. New Edition, by Richard J. Dunglison, M.D. 

[Royal 8vo (1,130 pp.), 28s. 

*♦* The object of the author from the outset has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled hira, in repeated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and Standard authority. 
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R. G. Mayne and J: Mayne 

MEDICAL VOCABULARY : being an Explanation of all 

Names and Phrases used in the various departments of Medical Science 

and Practice, giving their Derivation, Meaning, Application, and Pro- 

nunciation. Fourth Edition . . . Fcap 8vo, ios. 



" We have rcferred to this work hundreds 
of times, and have always obtained the In- 
formation we required . . . Chemical, 



Botanical, and Pharmaceutical Terms are 
to be found on almost every page." — 
Chemist and Druqgist. 



G. Dawson 

A MANUAL OF PHOTOGRAPH Y. By George 

Dawson, M.A., Ph.D.,Lecturer on Photography in King's College, London. 
Eighth Edition, with Engravings . . Fcap 8vo, 5s. 6d. 

"The new edition of this excellent I many new methods and materials which 

mini «•*ltt<-»li if fmin/iad r*r\ nr\f\ i n s*/M*rw"t_ ni*a e/\ tVa/ih «tnf lif ItAinrr infpAHn/«A^ mnlv a «+ 



manual, which is founded on and incorpo 
rates as much of Ilard wich's ' Photographic 
Chemistry' as is valuable in the present 
further advanced stage of the art, retains 
its position as the best work on the subject 
for amateurs, as well as Professionals. The 



are so frequently being introduced, make it 
essential that any book professing to keep 
up to the times must be frequently revised, 
and Dr. Dawson has in this work presented 
the subject in its most advanced position." 
—NatUre, May 29, 1873. 



Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, with numerous Engravings. 

[Crown 8vo, 6s. 6d. 

* # * Amongst the Contents are the Practical Treatment of Portraits — Groups in the 
Studio — Landscapes — Groups in Open Air — Instantaneous Pictures — Animals — Architec- 
ture — Marine Subjects — Still Life — Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c, and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c. 



" In these days, when nearly every intel- 
ligent person can, af ter a few weeks, raaster 
the manipulatory details of our art-science, 
attention to the artistic treatment of sub- 
jects is a matter for the serious considera- 
tion of the Photographer ; and to those who 



desire to enter on this path, Mr. Lakb 
Price, in the volume before us, provcs 
himself to be * a guide, philosopher, and 
friend.' "— The British Journal of Photo- 
graphy. 



C. Brooke 

THE ELEMENTS OF NATURAL PHILOSOPHY. By 

Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 

Dr. Golding Bird. Sixth Edition, with 700 Engravings. 

[Fcap. 8vo, 12s. 6d. 

G. F. Rodwcll . 

NOTES ON NATURAL PHILOSOPHY: 

Lectures delivered at Guy's Hospital, by G. F. Rodwell, F.R.A.S., 
Science Master in Marlborough College. With 48 Engravings. 

[Fcap 8vo, 5s. 



" As an introductory text-book for this 
Examination [the Preliminary Scientific 
(M.B.) of the University of London], it is 
quite the best one we have seen . . The 
'Notes' chiefly consist of lucid and con- 
cise definitions. and every where bristle with 



the derivations of scientific terms." — 
Nature, 

" A well-arranged and carefully-written 
condcnsatton of the leading facts and prin- 
ciples of the chief Clements of Natural 
Ptilosophy." — Chemical News. 
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The following Catalogues issued by Messrs Churchill 
will bc forwarded post free on application: 

1. Messrs Churchiirs General List of nearly 600 works on 

Mediane, Surgery, Midwifery, Materia Mediea, Hygiene, 
Anatomy, Physiology, Clicmistry, &c, &c, with a complete 
Index to their Titlcs for casy reference. N.B. T/iis List 
m ineludes Nos. 2 and 3. 

2. Sclection from Messrs Churchill 's General List, comprising 

all recent works publishcd by them on the Art and Science 
of Mediane. 

3. A Selected and Descriptive List of Messrs Churchiirs works 

on Chcmistry, Materia Mediea, Pharmacy, Botany, Photo- 
graphy, The Microscope, and other branches of Science. 

4. Messrs Churchiirs Rcd-Letter List, giving the Titlcs of 

fortheotning New Works and Nczv Editious. 

[Published every October.] 

5. The Mcdical Intelligcncer, an Annual List of New Works 

and Nciv Editions publislicd by Messrs J. & A. Churchill, 
together with Particulars of the Periodicals issued from 
their House. 

[Scnt at the coramencement of cach year to every Medical Praclitioner in 
the United Kingdom whose name and address can bc ascertained. A 
large number are also forwarded to the United States of America, 
Continental Europe, India, and the Colonies.] 
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Messrs CHURCHILL liavc a special arrangement with Messrs 
LINDSAY & BLAKISTON, of Philadelphia, in aecordance with 
which that Firm acts as their Agcnts for the United States of America, 
either keeping in Stock most of Messrs Churchill's Books, or reprinting 
them on Terms advantageous to Authors. Many of the Works in this 
Catalogue may thereforc be easily obtained in America. 



Gawan <&* Co., Priat0fffGrtat Windmill Street, Havittarvtaf. 



